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An excessive differential settlement of the buildings causes damage of buildings
structures and reduces factor of safety. Especially the area that different in the geological and
have to design different type of footing. For this research, shallow foundation and pile foundation
are constructed under the same building as a result of differential settlement between shallow

foundation and pile foundation can occur in the future.

The purpose of this research was to study behaviors of differential settlement of building.
The data used in this research were obtained from building structure, including settlement
observation, subsoil data and as-built drawing. The differential settlement analysis was carried
out using elastic theory, and the behaviors of concrete pile cap were analyses by the beam on
elastic material concept, combined with finite element method to determine shear and moment in
the pile cap. The value of spring stiffness is determined from static and dynamic pile load test and

the uniaxial compressive test data.

The results of the settlement calculation show that the settlement of shallow and pile
foundation are much closed and the structures of building are safety. The maximum moment
occur less than the allowable bending moment and no cracking occur in the building which
corresponds to the field observation. The results of this study can be used for the analysis and

design of building structure that use both shallow and pile foundation under the same building.
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NATDUM AT Deformation Modulus HagNaNUDIH W Compressive Strength 3IUNINITHIAN
. 9 . J ! ) .
Deformation Modulus 1ag1% Schmidt Hammer #3011 K-Spring 91nUdYanaa ol Static pile
load test 4te1¢ Dynamic pile load test Tudum

Y o w

Aedo1na luMINAAEUMAUANLIA Deformation Modulus ¥99H 1 luawn USACE
=1

1 o a J 1 [ )
(1994) ldnande mstnnuaniamsfedos Taeddalszaumsal saunumsdism

aa A A . =2 A o &
AMNTTUING 119U 521UAT Deformation Modulus TUa1IN §90I5MIAN
1. M3NeUABINA1 RQD (Rock Quality Designation)
A Vo oA 4 o ] ~ o 2 A
ARAABLNUBNANNETUYINVD Rock Mass 9106I0819M191 61399 Ty a3

ANNINY WATIVVDIANNEIIAIDIHUIINATIIZAITIINUIANI 10 cm. HID 4 in AOAN

Y 1
81INAHUA 1a8 Deere (1967) aduaadluainn s



Total length of core run = 200 cxs

Z Lengh of core pieces = 10 cm length
ROQD= x 100
Total length of core .
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B+17+20+35 x100 = 33%

L=0
no pieces = 10 cm

L=0em
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L=33m
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MNAS MIAUIUA RQD (Rock Quality Designation)

a

Nan: FANT (2548)

1 Y~ = A 9 S A A =\ 1 % .
aou laimsany e lsnguFalszaumsalifieuifissnn RQD fU Deformation
A1 A = A P | '
Modulus 1a8 Deere et al. (1969) l@uaIvA N UReuFlszaunsal tiellszuian

a (% - 1 . 1 1 [
Deformation Modulus ¥e417a#i1 Tasl¥anudusiusiuni RQD dadeaiia luilesnii 60

woSidud Tagauns
E, = [(0.0231) (RQD) - 1.32] E,, (1)
o E, = 1 Deformation ModulusUadu2a#iu
RQD = Rock Quality Designation, %
E, = ﬂ'ﬂuﬂﬁ)ﬁ“ﬁﬂlﬁluﬁidﬁ 50% U®3 Unconfined Compressive

Strength



2. MINBVIABI91NAT RQD

Maus Iag Bieniawski (1984) AAHIANUFUWUTILHI19AT RQD LALHANT

A Aa { [ [ 3
naaeY Intact Rock Tagfiarsanlunnunial RQD ¥1An1 60 1)o3idua

E
E—r = (0.027) (RQD) — 1.667 )
I
1o E, = f11 Modulus of Deformation ¥9442aH U
RQD = Rock Quality Designation, %
E, = mlugaddanguiuduas

3. MINPUIABIIINAT RMR

=2 s Aan VoA ~
INNITANYIVDY Serafim and Pereira (1983) t@U0ITM5UTENIUAMNG LAY
4
5241219A1 Modulus of Deformation NUMIIMUANUIEUU RMR 1ag 5 UNITUININAT

NAABLIN Plate Bearing Tests Fanaaonluniativ #3a1 RMR 8g 11479 25 04 85

RMR —-10
E, = 10—— 3)
‘ 40
e E J = @1 Modulus of Deformation (GPa)
RMR = Rock Mass Rating value

4. MINYUIABINTZVY Q (Rock Mass Quality Value, Q)
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Y
$n151 Barton (1983) mu@mmmauwuﬁszmnm Deformation Modulus Lieig N
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De
=le



E,(mean) = 25logQ 4)
E, (min.) = 10logQ (5)
E,(max) = 40logQ (6)
e E ,(mean) = A1 Deformation Modulus 1R8N FU1 (GPa)

E, (min.) = f1 Deformation Modulus Gh’cj aluauw (GPa)

E,(max.) = f1 Deformation Modulus qqqﬂiuﬁum (GPa)

Q = Rock Mass Quality Value

5. Modulus Y94%U (Rock Modulus)
5.1 Modulus Y99HUAIENIN (Intact Rock Modulus)

o Aa 1 a @ ]
ATBONUVVVNNTA ANV UAB 52T UAT Modulus VBIHUAIDE1
(Rock Core) ¥39U091I81 Y (Rock Mass) Taga1 Modulus ¥9aHUAIDE19AITAN (Intact Rock
Modulus; E,) v ldnmInaaeual Uniaxial Compressive Strength A1UUIMTIIU ASTM
v o (] . < o ] a
(2004a) D3148-02 ﬂ‘]J@]’J’f)EJN"?\‘Illfgl}ﬂTﬂﬂ'lﬁlémzlﬂ‘Uﬁ’J@ﬂNIﬂ‘(’J Diamond Core Barrel NHANITU
NUILTI-ANUATIATINS U Intact Rock 11NNTNATDU Uniaxial Compressive Strength N
<, H a ! . . . . [ 9 A A R A

HAAIAIBE1 IUAINN 6 AN Axial Strain 1a% Diameter Strain 3 1Ag 1¥1AT 09 BFILAIY

~ < v . . = v g ' r . A
(AHRIEIE Ta#12'1U1% Direct Bond Strain Gages FAULAAINANTIAUAT Microstrain taz

UUAITUMITN 7

AOriginal Dimension ~ _,
pe= x10 (7)

Original Dimension

wansnageulunIng 6 llﬁﬂ?ﬂﬂ?ﬁ‘VI@’Q’ENﬂﬂﬁ’)ﬂﬁiﬁﬁ?ﬂ?ﬂﬁ@ﬂi@ﬂﬁjﬂﬂﬁu
@ ' I a 4 < a a a '
Iﬂﬂﬁ?@ﬂ?ﬁlﬂﬂﬂuquﬁ (Gneissic Rock) AITHLLUILTI %QLLﬁﬂQWﬂ@]ﬂiﬂJLl‘U‘U@ﬁWﬁﬁﬂ’f)‘c’JN
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11aZA1 Poisson’s Ratio A9UaA lua@umMsN 8 taz dun1sin 9 (Wyllie, 1999)

Young's Modulus = Vertical Stress / Vertical Strain (8)
= 50 MPa/ 610 LLE
= 82 GPa

Poisson's ratio = Diametral Strain / Vertical Strain 9)
= 150 MS /610 MS
= 0.25
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Nan: Wyllie (1999)
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AUV p, (Iae p, NA1J52108 100 kPa ~ 1 kse) 113 UNUYTIAA194 Kulhawy and
o A < Y1 Y =2 o v o =
Prakoso (2001) tuziiieumsi 10 vzwiu lanaumszadiendsnuanuduiusveinounia
v @ Ld' ' 'o = ' z:; ' o w
uazA E, . /q, dzuisiuniniszana 500 fian g, 61 Tudemilszanm 200 iaidaagen
/ _ / 0.62
(E,_, /p,)=5280(q, /p,) (10)
ANUFURUTVDI Schmidt Hammer Rebound Hardness (R) NV E; Mindve'ld
Anyedranauahiveslingi q, MU E, ,, A% Aydin and Basu (2005) t@uenuduius
o o A ' v o JAA o aw o 2 a2
Y94 R, 1ag Ry M E, aamwi 8 Tudimvesnnudunusniiniseimsanuilueands

Jagriulasausau I3 lumised 1

6
2x10 : T : : . . , : ,
Ausnatlszina Pudszindlng
2 . Intrus!ve ° Hua Hin Gneiss
@ |.Extrusive
15x10° | v | Pyroclastic Joe (1987) -
(©) S.Clastic
i ] S.Chemical v )
o’ @  M.Foliated
3 o M.Non-Foliated
w™ 1x10° 8 -
c . o -7
8 [ ] .? v E Av //g/
= - Y Y _
0 —
500x10° g ajog/%’. g v 4
p oo /A’A% o v
Cp s ,Oﬁ O [m]
-0 g 6 C%5§ Kulhawy and Prakoso (2007)
& -
O 1 | 1 | | |
0 1000 2000 3000 4000 5000
Mean, qu/pa
MWA 7 ANUFUWNUTIZHINE, 1182 q,

nn: Kulhawy and Prakoso (2007)
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N7 UDUN

H o v @
319N 1 ANUFNNUTYD9 Schmidt Hammer Rebound Hardness A1) Tangent Young’s Modulus

YA o a a

AU FUAUBDINU auns
Deere and Miller (1966)  Various E,=0.19R P’ - 7.87
Aufimuth (1973) Various E,=4911.84(pR, ) "

Dearman and Irfan (1978)

Beverly et al. (1979)

Sachpazis (1990)

Xu et al. (1990)

Katz et al. (2000)

Yilmaz and Sendir (2002)

Aydin and Basu (2005)

Granite (Grade I - IV)
Various

Carbonates
Mica-schist

Prasinite

Serpentinite

Gabro

Mudstone

Limestone, Sandstone, Syenite, Granite
Gypsum

Granite (Grade I —TV)

E, =1.89R - 60.55
E,=0.19R P’ - 12.71
E,=1.94R - 33.93
E, =1.77exp(0.07R )
Et:2.7lexp(O.O4RL)
E, :2.57exp(0.03RL)
E, :1.7Sexp(0.05RL)
E, :O.O7exp(0.31pRL)
E,=0.00013(R )"
E, =3.15€Xp(0.05RL)
E, =1.04exp(0.06RL)

E, =0.72exp(0.05RN )

= [l 3
HUULTA E, Uradu Gpa

R, R, f19 A1 Rebound ¥94 Schmidt Hammer i@ L t1ag N

P A9 ANUHUWUUYEIHY (gm/em)
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TuM37197 2 1EAIAT Young’s Modulus 182A1 Poisson’s Ratio 91AKANAT0L
SasunsIsaLnUAEIvesiuatn ¥ialuaalszmazes1u32u a0 Lama and Vatukuri
(1978a, b) taziuszma’lne (Joe, 1987; Sirikaw, 1994; Lay, 1999; Oo, 1999; Zan, 2001 1@
§3Wa, 2549) WA Young’s Modulus 81431 Intact Rock UA1g4N11AUDE19110 TAgazlia
g 11923 0.1 84 100 GPa uazéﬁuaéﬁuﬁum{awﬁﬂ @11 30N Poisson’s Ratio 908 1134
025 89 0.4 Fadurviiunsazsiiaguiy Tagi ludamangadivesgiunniiuazgnaiunu
&6/ Rock Mass Modulus t1a 13j31ian Intact Rock Modulus t#i961a'lsfam 3rns
A131391)5231%4A1 Rock Mass Modulus d1visumseenuuy 1@ lasl$35msdSuanai Intact

Rock Modulus ﬁlﬂﬂzhlﬁlﬂfh’m'ﬁlhlﬂ

31970 2 Young’s Modulus 148% Poisson’s Ratio 14 5V Intact Rock

yHANU Young's Modulus Poisson's Ratio :55 V¢
(GPa)
Andesite, Nevada 37.00 0.23 Brandon (1974)
Argillite, Alaska 68.00 0.22 Brandon (1974)
Basalt, Brazil 61.00 0.19 Ruiz (1966)
Chalk, USA 2.80 - Underwood (1961)
Chert, Canada 95.20 0.22 Herget (1973)
Claystone, Canada - 0.26 Brandon (1974)
Coal, USA 3.45 0.42 Ko and Gerstle (1976)
Daibase, Michigan 68.90 0.25 Wuerker (1956)
Dolomite, USA 51.70 0.29 Haimson and Fairhurst (1970)
Gneiss, Brazil 79.90 0.24 Ruiz (1966)
Granite, California 58.60 0.26 Michalopoulos and
Triandafilidis (1976)
Limestone, USSR 53.90 0.32 Belikov (1967)
Salt, Ohio 28.50 0.22 Sellers (1970)
Sandstone, Germany 29.90 0.31 Van der Vlis (1970)

Shale, Japan 21.90 0.38 Kitahara et al. (1974)



MS519N 2 (919)

14

FUAKU Young's Modulus Poisson's Ratio :3 Ve
(GPa)

Siltstone, Michigan 53.00 0.09 Parker and Scott (1964)
Tuff, Nevada 3.45 0.24 Cording (1967)
Gneiss, 0.131U 64.63 0.23 Joe (1987)
2.U3200AITUT
Fine Grained Sandstone, 28.00 0.15 Sirikaw (1994)
Weudinzana
Sandy Siltstone, Lﬁ‘lﬂ]’auﬁmzam 10.00 0.25 Sirikaw (1994)
Coarse Grained Sandstone, 44.00 0.17 Sirikaw (1994)
Weudinzana
Muddy Siltstone, 7.00 0.32 Sirikaw (1994)
Woudinzans
Gneiss, 1T 59.31 0.20 Lay (1999)
Biotite Gneiss, 1@ 11171 49.80 0.19 Lay (1999)
Granite Gneiss, Lsﬁaumjmm 45.21 0.19 Lay (1999)
Sandstone, 1ounn11ow 43.20 0.23 00 (1999)
Siltstone, WouuA 08 15.20 0.25 0o (1999)
Mudstone, i¥ornatiou 9.30 0.35 00 (1999)
Agglomerate, Lsﬁﬂuﬂammgﬁ@ 54.41 0.24 Zan (2001)
Andesite, Lé’f‘iauﬂammgﬁa 4438 0.30 Zan (2001)
Lapili Tuff, Lé’f‘iauﬂammgﬁ@ 32.68 0.22 Zan (2001)
Rhyolite, Léﬁauﬂammgﬁa 47.26 0.24 Zan (2001)
Tuff, ﬁauﬂaammﬁa 62.84 0.22 Zan (2001)
Basalt, 1j3 518 33.20 - §ya (2549)
Granite, AN 32.40 - TgNa (2549)
Marble, a3%1f3 21.30 - JgNa (2549)
Marble, AW1j3 28.70 - Fgna (2549)
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MS519N 2 (919)

FUAKU Young's Modulus Poisson's Ratio :3 Ve
(GPa)
Sandstone, §NIZA 12.20 - §gwa (2549)
Sandstone, JW1U 18.40 - FINA (2549)
Sandstone, WINTEINT 13.90 - ”gwa (2549)
Sandstone, (e 11.50 - F3Na (2549)

5.2 A1 Modulus Y0932 H U (Rock Mass Modulus)

Y [
A51/5215uA1 Rock Mass Modulus 8111301 5201UMIN19A5 9182119001 &9
Yo o A o W (] A a2 o ) =
naaselgdmsuanunianudiayguey uveutaze Tued Nanuiuludesdimsnadeoy
lunTasase 33aana1n 1aun Borehole Dilatometer g Borehole Jack d1mSumsnadoulu
maau Tagnazie IdiamssunIumiaivedidue laomnizededuienodinszia
a A ~ dy A a 3 Y a Y 1 o
Auowsonnunnagoy tazmsyatlagiusinnne liinamssuniu ldwunu msuawa
=KX 9 = a = Y a 1 =
MINAFOUVIINBINNMINITADINITUNU IATITTINIAHUIZHINMINadouTounew
fuanImveINIatiug3 e iWemamsneaseale dmsumsuanamnaasy Iagnsved
Rock Mass Modulus 81992 lifinnudifgaeaudmnisunsnianag 1 sininvees lu

1 = d‘d"
nanlusieazidon w Nl

Y o 9 A o I
Kulhawy and Prakoso (2001) Iavnauedeyalunimi 10 Tumswanniu
A A 9 1 o [ a 4 A @
aumsi 11 meldlszanam Rock Mass Modulus (E,,) §1M5UNUAATIEHATAADUAIVO

31310 Iaeld¥A1Uniaxial Compressive Strength (q,) ¥94 Intact Rock Tum3sdlsgunani
log,, (B /pa)=2.73-0.4910g10(qu /p,) (11)

° v A Aa 9 Y 1ax Y
dmsuIsmsdsziiumedenl@unit RMR, RQD tag Q-System a1:15a 1% 14

v 9

o A < a o Y A ' A am Aa 9 A
ﬂ‘]JiTLlﬁ']ﬂ‘]Ju‘Viu‘ﬂ?hl‘]J ANANU Llagf’gh\lﬁﬂ ﬂﬂuuclu‘ﬂuiwm@ﬂﬁ"ITJLWfN'J‘ﬁ‘]JigmuTnQ@@NLWi’]

Y
I¥runundaasvazidaas 11l



10000 = I I L | I I L I| I I L I:
1000 E ® A =
F A :
\E | A ()v <> M _
) | A §MA )
k] A
5 25" &
x 100 8 =
E B E
3 i Q \
= k 3 g 8 ]
0 F fa @ E
A Mudstones ]
- O Sandstones ® -
- O Shales 7
¥ R Others T
1 1 Ll 1 B (S ) RN 1 Lo
1 10 100 1000

Uniaxial Compressive Strength, qu/pa
anﬁ 10 ANNFUIUTTZHIN Modulus Ratio 148 Uniaxial Compressive Strength
‘?;m: Kulhawy and Prakoso (2007)
5.3 m3sUsziiulaeds RQD

I A ax Y 9 o a ' =2 o 2
BN sNeeend 11 unslsziiual Rock Mass Modulus #anainnyu Tag
3 Aa a oA o [ 1
Carter and Kulhawy (1988) taziifuiitien s lumel§iadmsumsdszmamluanu
i‘ g a 1 1
(i9adu 5Hz52131UA1 Rock Mass Modulus Tag 14 RQD, Intact Rock Modulus (E,) ttag
1 A o

ANy IsLANYBIHUNNanEuearIeitla (Closed Joints H3® Open Joints) Adtaaelu

=~
M1 N 3
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° o A ' 1A A gy
dmfua1 RQD Nogizninnanmnuaaslumsei 3 wamnsnldis
9
Uszanamuuaumsiduase lumsdszanam E/E, 18 uaznuinmsdsgunam B, Tavu

o Y A ' g
Tuaeanswrsoavsalssuumm E, Ulﬂlﬁﬂﬂﬂu

Zhang and Einstein (2000) l8la@uoanudunussgnin E/E, nuA1RQD lag

(] 1 1 : [ {
LLUQLTJ‘L!GUK’J‘]_ILGU@'IUH, VOULIAAN LazAUNDY Aaa lunIng 11

M3190 3 M3U52U 1A Rock Mass Modulus 91071 RQD

RQD (%) E, /E,
soULANUA soauanila
100 1.00 0.60
70 0.70 0.10
50 0.15 0.10
20 0.05 0.05

#31: Carter and Kulhawy (1988)
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PuFNU s
- O Coon and Marritt (1970) °
ieniawski /
08 L O Bieniawski (1978) /A
A Ebisu et al. (1992) ° oA/
= ~ 1 @) // A
Myﬁiymﬁ ngl r odom
e Sirikaw (1994) B © /o A
0.6 | A
~ 0.0186RQD-1.91 / @
w Upper, E, /E_=1.8x10
UJE

04 | Mean,EM /ErZIOO,OISGRQD-l,Ql

k 00186R(|):[|)-191

Lower,E_/E =0.2x10" '

0.2 M
0.0

0 20 40 60 80 100

RQD (%)

MW 11 ANNFURUTI219 E/E, 11a¥ Rock Quality Designation
301: Barton (1980); Zhang and Einstein (2000)
5.4 MsyUsziiulaeds Rock Mass Rating

[ Y H Y
11199910911 Modulus ¥R UALBGAUYUIAYDIAIDENNNATDY AU
Uszuma1 Modulus Y9988 UINMINATOURUAIDE Fallvialng Tudeslfiianisda
o & ' & A . a
mldenusaunuilu a1yl wail Bieniawski (1978) 39 1dau0350151521311 Rock Mass
9 . aaday ad °
Modulus Ta#1%A1 Rock Mass Rating (RMR) 75HNUDANAT RMR e10150AIUINUIN
a A o Y1 =2 g Y o 1 @ v A . . .
msmesnialade Fanulaganuin minedrvesnnu ludeiios (Discontinuity
Orientation) £ &KW TABATIADAT Rock Mass Modulus 8n@eeaiay nsaintinny luaeiieq
v Y
%1ia Gouge-Filled Joint Favzliauunsnoglusosuan d15oeuan11967 luuuiaminny
Y 1 % 4 U 901 % 1 o U a o
minnszh wdewa liseouangudlaudesurihmin uadmSunsaluesaratiu M3119dn

¥ 1 1 ~ a
VOI508UAN TULUIVIUAVIIHUNNTE e FINAITEADIAD YT NINUDIAIAT U
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ANUFNRUTIZ1319 RMR 1ag Rock Mass Modulus (E, ) Tauaas 13 lunmi
4

12 Tagd 19090 INg udoyanN1sNATOY Bieniawski (1978) #9 lalauenanuduiusd sy

15213UA1 Rock Mass Modulus 811 5UA3AIN RMR > 50 13daaunsh 12
E, =2RMR-100  (GPa) (12)

Serafim and Pereira (1983) 8305 uiuandoyanmsnagouuagiaue
ANNFNILS AU AN RMR Tateglusne 20 - 85 daaumsh 13

(RMR-10)/40

E. =10 (GPa) (13)

#1151 Rock Mass 131 RMR 110171 80 (HUAMAWALIN INAUATIUIUN
a 9 a [ ~ =1 o VAo ) (. '
AULDY RMR) 9zAeai)sziliua E, minaumsh 13 uaznfSeuisunumnialaaindiods

Intact Rock AWN1AT§1U ASTM D3148-02 taziaen14a1 E,, Mdn dmsumsoaniu
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90

80

70

60

50

40

30

Rock Mass Modulus, EM (GPa)

20

10

' T ' T ' T T T T
fudsznelne

- e Sirikaw (1994) / .

nupglssing

| ———— Bieniawski (1978) oY/ AS _
Serafim and Pereira (1983) -

0 20 40 60 80 100

Rock Mass Rating, RMR

Y o v 1
MW 12 ANUFUNUTIEHI Rock Mass Modulus 1182 Rock Mass Rating

3: Bieniawski (1978); Serafim and Pereira (1983)

5.5 MsUsziiulaels Q-System

Barton et al. (1980) 1aUoANNFUIUFIL1I19 Modulus YeauIaiy AUA1 Q

[~ 1 1 { [ 1
Tasuvuiuvouuauy vouaala tazA Ry adaad luaIng 13
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300 B I I I LI III| I I I LI III| I I I LI II_
B A
» 7
R 250 - // .
& - et .
O B _ i
= = Upper bound : E._ =40 log Q s |
LIJ§ 200 N M ¢ _\// ]
g C Mean : E  =25log Q /// ]
5 150 | X -
§ B Lower bound : _ s 7]
@ - s i
<§Y5 100 E, =1010geQ// -
X~ B - ]
) s
o B 7 - _
o L // ///,/’ .
T . S AT~ T 3
e R

B s - ]
= Ve //,/ -
. ~ —_—— -
0 = —T i | ] i | ] [ |

1 10 100 1000

Rock Mass Quality, Q

MNA 13 ANUFURUTTZHI1 Rock Mass Modulus 118¢ Rock Mass Quality
4
N141: Barton (1980)

5.6 A131A0NA1 Modulus YDIHUAIMTUNITDOALLIL

a gl,z Ya a 1 as
NUIAINTIUMINUU Tasunaz 19351/52101A1 Rock Mass Modulus 1a83%
Y
N900Y 13U RMR #39 RQD tad 5 uIsmnaden I umaginuiyagmingaumnizau
A A 12 A o w 1 g’; [ < A a 4
Wounsoazmuva vy dadinnudagunmniu o619 lsna lunsaiimsinsgs
9 as 9 o [ %] 9 9 a 1 1 d’ [ o 9
pontuy 1as1d Modulus 91n35M9douiienimsngasai ldgununnaeonsy s
Y =\ o 1 A = g’/ Y Aa ~
919929090 ANUT T UNATDUAT Modulus THAMUINDATIVADUNADNATI VONIITAUN
o { a 4 v 1 1
dnggalumsdiniiziuazeonuuy Aovzaoudon 19m1 Rock Mass Modulus tiaz a4

Intact Rock Modulus
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o o dy Y a ! = =
TINIUTIUIINAU ﬂgﬁ@\iﬂiglﬂu@]'l Rock Mass Modulus a\iulﬂﬂﬂﬂ'nwﬁﬂﬁ@\‘]
LﬁTm@Qﬂ31ﬂJﬂ’5}1Q6‘J@Q§1u§1ﬂ G?Qﬁ’]il’]ﬁﬂﬁ’]ulﬁ}jﬂﬂﬂﬂﬁﬂﬂﬁ'l Intact Rock Modulus 910113
Lo . v A o 1 A =< Y R q9 =
NATDY Uniaxial Compression NUHUAIDYWNTNINANAIINANATI) LLaQﬁNGlWHSN‘VI 3 Gl‘ani

1J5210U11 Rock Mass Modulus
6. M3lszmnamauaniineaIadnyoIneUNIALADA
Hansen and Reinharot (1991) na1771 A1 lugadganguvesnouninilnd ¥aa1mnsn

~ = Yo = v Aa 1 YA [ = o v o ] g o
Lﬂﬂﬂlﬂﬂﬂqﬂﬂﬂﬂﬂuﬂiﬂﬂﬂﬂﬂ ANANUHUIHE I nAREINURANUFUWNUTN UMY

Haza Compressive Strength annson laanaums

E =33wW*2,/fc’ (14)
d’ v A 1 = a
We E = lugaasanguvysinouninilng
1 901 (-7 =
% = WUeIHENvoIRRUNIA, pef
fc’ = AIMAITULTIOAUDIAOUNTA, psi

7. MINAAOUMAIOAUDIAUAY Schmidt Hammer

I 4 <3 [ a
Schmidt Hammer L”]J‘L!Qﬂﬂimﬂﬂﬁ@UﬂﬂmL"Nﬂlﬂﬁﬁﬂ Taen1589 Schmidt Hammer

[ o

1w 4 @ @ [ { g
nsgnuAeiag e idagnusinsziiagezaztounsindy Taaiudezaunsoaziounsala

o ?zlz 1 { 1Y) I 1
UINn muum‘ﬁazﬁ’auﬂau Schmidt Hammer 321a@A313)14A1 Schmidt Hammer Rebound

Hardness (R) 111799171 Schmidt Hammer Jigroastiauenaiunasaiu aowiia L ldndaau
0.735 Nm [N aUNUNAFOUAI0819 Core ﬁﬁgﬁumuquﬁﬂawﬁqu@i 54.7 mm (NX) LagsHa
N Twdsa1u 2.207 Nm iingaununadouaIee1e Core ﬁﬁgﬁ’umug{uﬁﬂmag’md 84 mm
(T2) ISRM (1978) fviua 19714 Schmidt Hammer ¥1ia L d1m5umsnaaeuiu ugd1msy
ASTM (2004b) D5873-00 lai‘l8521j%iAv09 Schmidt Hammer Tun3naaey Aydin (2008)

1 Y
a0 % 1

uuzii 1919 Schmidt Hammer nagoufiuiiin1 q, #dua 20 MPa 819 150 MPa
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v J

AMSUANVAUNUTUD9 Schmidt Hammer Rebound Hardness (R) N1 Uniaxial

YR Ao o

Compressive Strength (q,) ﬁl’dﬂﬂ‘kﬂ’) 891UIUVIN Kulhawy and Prakoso (2003) t46¢ Prakoso
;—'j v 9 &

< @ Ao aw @ A a
and Kulhawy (2004) 1uidn VYHNUINNIVYLUTAIAININN 14 (ﬁayawuﬂnmﬁ%mﬁm

'
o @ 4 v v o

v = A v o dAA a = a =R o
AWANANHUNY) LASAIT NN 4 FIUTINANUAUNUTNY ﬂ'ﬁ]ﬂﬂTﬂTﬁﬂﬂBWiu@ﬂ@ﬂﬁﬂﬁ]ﬂﬂu

g

p Y o ~ o) o 1 R Ay 1

Deere and Miller (1966) latinauonini 15 drisuilszanmn q 3elivouanaig

Aa o 4 { A [ a { (K= 1
MINNUIVBOUNNDITUITZUIA YOIHUAYN Schmidt Hammer NTZN LANADINT TUAT
1 901 @ a a { [ v J
neminvesrulsEneumsdsziiu NN 16 Aydin and Basu (2005) LE@AIANNTUNUT

@ . ) @ a 1 dy 9 Y a
R, 1182 R, N1 Dry Density (D,) dm5uiszneumsilsziiuaniosdu (doyariniszmalne

Y o o o =R
Llﬁﬂﬁﬂjﬂﬁiyaﬂyﬂ!ﬂﬂ)

Y v o o
319N 4 ANUTNNUTYD9 Schmidt Hammer Rebound Hardness N1 Uniaxial Compressive

Strength
ARR[ FUAYDIHY Ay
Deere and Miller (1966) Various q, =9.97exp(0.02pR, )
Aufmuth (1973) Various q,=033(pR, )"
Dearman and Irfan (1978) Granite (Grade I — IV) q, :0_00016(RL )3 47
Beverly et al. (1979) Various q,=12.74exp(0.02pR, )
Kidybinski (1980) Coal, Shale, Siltstone, q, =0.52exp(0.05R+P)
Sandstone, Mudstone
Singh et al. (1983) Siltstone, Sandstone, q,=2.00R;
Mudstone, Seatearth
Sheorey et al. (1984) Coal q,=0.40R-3.6
Haramy and DeMarco (1985) Coal q,=0.99R, -0.38
Ghose and Chakraborti (1986)  Coal q,=0.88R  -12.11
O’ Rourke (1989) Siltstone, Sandstone, q,=4.85R; -76.18

Limestone, Anhydride
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ARR[ BUAVDINU a3
Cargill and Shakoor (1990) Sandstone q,~ 3.32exp(0.04 PR, )
Carbonates q,=18.17exp(0.02PR | )
Sachpazis (1990) Carbonates q,=429R, -67.52

Xu et al. (1990)

Kahraman (1996)
Gokceoglu (1996)

Tugrul and Zarif (1999)

Katz et al. (2000)

Kahraman (2001)
Yilmaz and Sendir (2002)

Yasar and Erdogan (2004)

Kulhawy and Prakoso (2003);
Prakoso and Kulhawy (2004)

Aydin and Basu (2005)

Mica-schist
Prasinite
Serpentinite
Gabro
Mudstone

Various
Marl

Granite

Limestone, Sandstone,
Syenite, Granite
Carbonates

Gypsum

Carbonates, Sandstone, Basalt

Various

Granite (Grade I — IV)

q,=2.98exp(0.06R, )
q,=2.99exp(0.06R, )
q,=2.98exp(0.063R | )
q,=3.78exp(0.05R | )

q,=1.26exp(0.52PR )

2.46
q,=0.00045(PR )

32
q, =0.0001(R)™*’
q,=8.36R, -416

q,=221exp(0.07R )

q,=6.97exp(0.01pR )

q,=2.27exp(0.06R | )

4.29
q, = 0.000004(R )

q,= 14.3lexp(0.048RL )

q,=1.45exp(0.07R | )

q,=0.92exp(0.07R )

winewq g, Jnitoilu MPa, p, = 100 kPa

R, Ry A® A1 Rebound Y84 Schmidt Hammer ¥%i@ L 11ag N

R ﬁﬂ A1 Rebound U949 Schmidt Hammer ¥1aN11 “ljjjg‘]_ql

P A9 AUMUWUUYOIRY (gm/em)
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| Putlszmelne o // i
L o Joe (1987) / .
| . o / i
3000 . Sirikaw (1994) 5 /
L / -
| = 0o (1999) O o / i
@] /
- A Lay (1999) o // e} .
ol i o °
=} = / -
o 8 o /
— 2000 | &/ o 7
8 " Kulhawy and Prakoso (2003) O’ 6/. i
R\, i |
i %) $ 7
1000 | o (@l@ e} 7]
’ © S 0 I
| ® o) .
[ &5 0 00° :
0 1 | o 1 | 1 | 1
0 20 40 60 80

Y o o J J 1 @ 1
MW 14 ANUFUWUTT1I19A1 Uniaxial Compressive Strength NUA1 Schmidt Hammer

Rebound Hardness d115ufiudIoe1aidurugudna1a 50 59 58 mm

nn: Kulhawy and Prakoso (2003, 2004)

25



Average dispersion of strength

for most rock - MPa
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Schmidt Hardness - Type L hammer

H @ v o 1 1 [] %,’ o a 1
MNAN 15 ANVFUWUFIEHI19AT Uniaxial Compressive Strength, W UIIHINUNUDINU LA

Schmidt Hammer Rebound Hardness o yﬂﬁﬂﬁ' N

130 Deere and Miller (1966)
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a Hutlszmalne ———0 p=00095R +1.9469

° Joe (1987) A p=0.0102R +2.0044
* Sirikaw (1994)

28

o - Ao Lay (1999 Q .
g aY( ) AN . O/O @
s 26} " 0o (1999) _
2
_Ba = .
S
o
S 24} .
>
5 i ]
02 | o A
o
i o Aydin and Basu (2005) i
20 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80

Schmidt Hammer Rebound Hardness (R)

MANN 16 ANVTURUTIZHI9A Dry Density AUAT Schmidt Hammer Rebound Hardness
311: Aydin and Basu (2005)

pazINMsAnInNNFNTUTszHINAMasunsda uaza Tugdadangulu

Wouae ¥9ldswsamnazagy i luasei s

A d o

ANTY (2546) Anwian Tugdannudanguiounsuninlasn lagnagouain
ADUATALATAIDUMAIL HAMsANEINUI A1 Tugaadanguiinnuduiusiueigues
ADUATALADA LAz ULTIOR FINuN Anuduiutuesn Iugdannudangu uaza

Maasunsea s ingsawuas nmi 17 39ldm Tugdaanudangumaominy 2.68 x 10°

ksc
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$ [ wa 9 a [ 4 1
ﬂ1‘§1\1ﬁ 5 ﬂTﬂmﬁMUﬂﬂTu’JﬁﬁﬂﬁiNﬂl@Qﬂ@uﬂ%@ﬂﬂﬂﬂl%@u@’lﬂﬂ

Dam Mix Age, days Compressive strength, E (x 10°) MPa Poisson’s ratio Creep coefficient
ib/in” (MPa) (x 10°)

Willow Creek A 7 577 (4.0) 1.2 - 1.97

28 1172 (8.1) 1.59 0.14 1.09

90 1730 (11.9) 1.91 0.17 0.52

B 7 997 (6.9) 2.20 0.48

28 1845 (12.7) 2.67 0.19 0.34
90 2649(18.3) 2.78 0.18

C 7 1147 (7.9) 2.4 - 0.58

28 2056 (14.2) 2.91 0.21 0.39

90 3961 (27.3) 3.25 0.21 0.31
Middle Fork 28 1270 (8.8) 0.98 0.16
Galesville A 14 mo* 2095 (14.4) 3.23 0.22

14 mo* 2000(13.8) 3.29

Upper Stillwater A 28 0.66
105 3925 (27.1) 1.96 0.23

365 5171 (35.7) 2.07 0.29 0.53

8¢



d’ 1
MINNS (99)

Dam Mix Age, days Compressive strength, E (x 10°) MPa Poisson’s ratio Creep coefficient
ib/in” (MPa) (x 10°)
Les Olivettes 28 1905 (12.7)
90 2130 (14.7) 2.85
Saco de Nova 7 1.04 2.15
Olinda 28 1.79 1.28
360 - 0.32

HNEYR *properties form cores extracted from dam-all other properties obtained from 6 x 12 in (152 x 303 mm) cylinders prepared by pneumatic

tamping.

301: Hansen and Reinharot (1991)
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4.00E+05
Tugdaaudantguadn 2.68 x 105 ksc
3.50E+05 - Tugdadanguman 2.68 x 10 ksc .
O
2
5 . . o ¢
2 3.00E+05
g
=
g 250E+05 A
=
[ g . y= 428 45X0.3302
2.00E+05 - . R*=0.3722
1.50E+05 ‘ ‘ ‘ :
150 200 250 300 350 400

Compressive Strength, ksc

4 v o v 1 o o o @ 1 o ]
ﬂﬁ"lﬁ 17 ﬂ?13Jﬁi]W‘Ll‘ﬁi$1(?3'Nﬂ1ﬂ']a\1i‘ULL'ﬁQﬂﬂl!ﬁ%ﬂWIMﬂﬁﬁﬂ?Wﬂgﬂﬁqu
N: ANTY (2546)

Aa oA <3 g}/ 1 o v
TumsAnimsniavesg s TN 15N JUnuVveInTIMANUALIUS
1 E o A o < = 9 =®R o v o J
FEUNUNHINUIITNIUaTMIAdoUAIV LTI U3 uuuad1enaanunIINANUFNNUS
Y 4 1 1 U 1 1
YouinuIINALA MR UAYBITIUTINUH WiNdadiuanuanaennuniues
< 19 Y o [ ~ YA [ 3 = (=Y Y A o
niney lilddaaaunlndifosnugiusinuanaiy 3aimnsan laiuuamsinasuiaves
< A wad [ A oA A
UarerudvendiluumsiianIndifesnumsniavesgusinue 7 Vesic (1958) 14

Y
55w 3 oy fail

I ' a < a
1. General Shear Failure (Caquot, 1943) 1Jug s InuHuuAUMIle WA oAU

oA A oa d A 1 A v I A A v R A Aa
mwuuu‘ﬂilzﬂim;]fgﬂwnmﬂuuua‘i@maauﬂmumﬂulﬂumm’imaaummmﬂu‘mmu

I a [
2. Local Shear Failure (Terzaghi, 1943) L‘}Jugmimuuﬂumﬁmgmﬂmﬂammz
a a A v A o <3 A 1 A o
ﬂuﬂﬂﬂﬁﬁ’)m‘lhuﬂﬁﬁ fﬂzﬂiwﬂq;]mmﬁmaaummzmm@]muumuiQm’aummumﬂu
1 1 g’; ] Aa Aa % [ Y4 9o’ ] 1
AWIEUWNAIUNIUU lluﬁﬂﬂﬂﬂu“?\‘lg1Jﬂ'ﬁ"l‘l/\lﬂ’ﬂilﬁiJWl!‘ﬁ‘lJﬂQUTWHﬂ‘UiTI@ﬂ HagnINIINGA

v
A oaAd o

Az isingganiansany



31

I Aa 1
3. Punching Shear Failure (De Beer 8% Vesic, 1958) L‘}Jugmimuuﬂumﬁme@u
= Y 9 A Y] [ LY = 1 %
LASNINUAIY ISULIIATUNIUUBDINTN ﬂWﬂﬂa@’IJW\i‘i)%ﬁ\uﬂ@lllmiJ%ﬂ!ﬁ]u HUANTTYUAT

a v A~ oA
"’U'l’]\iﬂuGlﬁg']Lli']ﬂGlULLu'JﬂQLWENﬂfJ'NLﬂfJ'J

g‘z Aa oa A v o d
M3 E‘IJLU]J”U"U?JQﬂ”ISW‘UGI uam'li'“lumwm 18 LLﬁﬂQTﬂHﬂﬂWﬂ’NNﬁMW‘LA‘H“\J@Q
AMUNUUULYOIAY LAZTATIAIUVBINNUANADANINEIVBIFIUIIN dansaagy 1dgu
= < Y (= Y = Aa <3 =
IMNLLYUaN Tmmwmmwu ﬂﬂlllllLSWI"I“IJVHWIJ@QLLNL?RJQTI"IUVIN’JLE’I’"IHJ?J Iﬂﬂlﬂﬂ%gm
a oa < . . 9y A ' Ko Y1
gﬂLL‘U‘UﬂﬁW‘]JG]LLU“]JﬂﬁﬂﬂﬂQﬂJ’ENLﬁTL"U?J (Punching Failure) mamcﬂwamﬂanmmmau"lmw

o <3 KR ' vl o ~ A wal) Y 1 Y
Wl ndndsldansomaniminusinniigania laededau

Relative density

0.5
[ -
1
D
(=]
5
o Circular foundations
© 5 =
2
=
¥
&
Strip loundations —
10 A r

MW 18 FULUUMINITAVDIFIUTINUHIEAZFIUTINGN () General Shear Failure

(II) Local Shear Failure (III) Punching Shear Failure

131: Winterkorn and Fang (1975)
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5’%3W\lmiimg1JLL“U‘}Jﬂi1Wﬂ31uﬁuwuﬁﬂlﬂmmuﬂminﬂuazmimﬂmmm
< o Y1 A Y =2 o A oa . = A
Lm!ﬁlmﬁlzmmmulmmmnmmﬂﬂmﬂ‘ugﬂu‘uummwumm Vesic (1958) 6l‘LLﬂTI/‘I‘V] 18 #1590
] Y a oA < . aa A 1 A oA
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3. Sliding 18 Shear Failure VOIUIANY (Blocks of Rock Formed) MIAANUUD4
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Bearing Capacity of Fractured Rock

a do w a
Hoek (1995, 1988) (8¢ Hoek and Brown (1988) 85 U18NUNNIANUBINIA U(Strength
v o o J ) a aa o J ..
Criterion) mmﬁuwmmﬂanm”lﬂaammugmim qum3sdunINail (Empirical) 1191003
Trial and Error 91nMS@UNANHANTTNNIARY ANMINGANTTUNMITHINNMINATDU Triaxial

U Fracture Rock aaaaaluauns 15

Hoek -Brown Criterion for Jointed Rock Masses (1988)

24172
G, = 05 + (Mo, 6, +Soy, ") (15)
1o Of o Uniaxial Compressive Strength of Intact Rock
of & Major Principal Stresses
O, = Minor Principal Stresses
m,s = Dimensionless Constants

1 [ I { o 1 2 o .
NnaumMsnis ensalsunntuaunisn 16 Tagiin1ve Uniaxial Compressive

Strength of the Rock Mass O, 11@3 1910 duius

_ 2 VA
Gu(m) - (Sau(r)) (16)
Fum _ )
Ou(ry (17)
1o o = uniaxial compressive strength of the intact rock

=  uniaxial compressive strength of the rock mass

Dimensionless Constants

E
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Bearing Capacity Factor

Y ) o a Vo v oo Y @ a Y o
Bell (1915) I8 lfaumsdmSudseliumamasiuriminvesiiug Taoldnugiu
o @ o A

Ao < 4 A o =
sInNNanyuily Love Fvaeu AT LASWNANAITUNITN 18 LIASATITNN 6 (Lambe and

Whitman ,1969)

~ CyeN, +Cpy(By, /2N, +YDN,

4 FS. (18)
o Ne = 2N”2¢(N¢+ 1)

NY = 05N"p(N'g-1)

Ng = N2¢

N¢ tan2(45+(|)/2)

M1319% 6 Correction factors for foundation shapes (L=Length, B=width)

Foundation Shape Cr C,

Strip (L/B>6) 1.00 1.00
Rectangular

L/B=2 1.12 0.90

L/B=5 1.05 0.95

Square 1.25 0.85

Circular 1.20 0.70

31: Sowers (1970)
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Foundations on sloping ground

o 1

4‘ 4‘ IS (Z a J
Nau"lmmaumgmuwmgmim’mmuummm ‘l‘wamn (Slope ground surface)
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[

3. MAIUUANIU (Bearing capacity ) N30 ﬂﬁﬂ?ﬂ@‘ﬁ (Settlement )%ﬁ’mgﬂmuquﬁ’aﬂ

allowable working load U893 31U3TN

] Y 1 1o & 9 o w
21 yyuveaniIn(Slope Angle) 110031 G2 liuiludesnsredeumauunnuves

911310(Baring capacity of Footing ) (W31 Lﬁ’ﬁﬂiﬂ1WﬂJ@ﬂ1’fﬁHﬂ(Slope Stability) e

muauﬂﬁ%u‘”ﬁﬁ’mumiﬁ 20 (Hong Kong Geotechnical Engineering Office, 1981) Hazn i
20

_ CyeN,, +(CpBy, /2N, (20)
$ FS
N - YH
A L (1)
1o Y. = rock density

= rock mass cohesion

H = slope height
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Figure 5.5 Values for bearing capacity factors for
footing located on sloping ground surface (US Dept
of the Navy, 1982).

MNN 20 NISHIA Bearing capacity factor §1# Ju Sloping ground surface
flan: US Dept of the Navy (1982)
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Bearing capacity of shallow dipping bedded formations

AMUIUNIAT Minimum principal stress , G,, 1INNNN 21 Tag G, N3z TuLuITLVY

117 Active wedge 13130 UIMA1IARIAUNTN 22 (Ladanyi and Roy ,1971)

)
2tan l//l ¢ tan¢2 ¢
(22)
nieusangou v amassuLs wunmuasamua 1danaunsn 23
q , =
4 FS (23)
131 Ny, = tan'(45+/2)
Ny, = tan2(45+(1)2/2)

Y
MUTNAUAIMTVeHUTOUTIUT NI NNA(Surcharge pressure) @MU I8

AIFNNIT 24

(N¢2 _1)

2tan Y/ 1 tan ¢2

(24)
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Figure 5.6 Bearing capacity of foundation on rock
containing inclined bedding planes and orthogonal joint
sets.

ﬂW‘I‘ﬁ 21 Bearing capacity of foundation on rock
‘ﬁ%ﬂ: Ladanyi and Roy (1971)
Settlement on Elastic Rock
Elastic Theory
Desai and Christian (1977) na1INaNUFURUTHBUTMasA AT oAV TaaLAaz

a A 1 [ o Y A a o 9 =
FUAUANULUANANNY wﬂwﬂmﬁwmmgwqmﬁw Lmzmﬁm”lﬂalﬁmmummmmzﬁu“lu

NUUANATINY

v
[ [

. .oA v o JaA A ' g 1 3 a Y
Nonlinearly Elastic A® ﬂ']']llﬁilwu‘ﬁ“ﬂi]ﬂ'nmﬂﬂ'ﬂquIﬂﬂﬁuuﬁmllﬁqulﬂu!%%ﬁu?ﬁﬂﬂ

~ v w o’dy 1 ~ A o v & o 2 o o
UANUTUNUTU ﬂ1ﬂ’313JLﬂiEJﬂﬁ]8ﬂuﬁﬁulﬂﬁhﬂlwﬂu1u11’il‘!ﬂﬂ§$1m®6ﬂ

. .oA v o Jaa A 1 4 =\ v o Ida
Linearly Elastic f1® ﬂ'JﬁJﬁ'iJ‘W“LJ‘EVIiJﬂ’JHJﬂﬂﬁQUIﬂﬂﬁuﬂuﬁm UAZHUANVUTUNUDLIY
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.oAa v o JaA A ' ! s A o ¥ o '
Nonelastic A1® ﬂ’ﬂllﬁﬂJWHﬁVINﬂ?TﬂJﬂﬂﬁqulliJﬁilﬂﬁﬁﬂ! UDUIUINUNDDN AN

~ A (% k) 1
ﬂ’ﬂﬂlﬂiﬂﬂﬂgﬂu@n‘lﬂﬂﬁﬁﬂu
Homogeneous, Isotropic Rock
Schleicher (1926) M3NAA TULUIA 8V TAgMsNIITUINTNITLBUTINNAN YU

H H 1] Y
FIUTNANATITNN 7 HAZNINN 22 Lﬁfl!Li\1ﬂi$i]1EJZNgiu%UﬁuigﬂﬂﬁﬂﬁﬂqﬂﬁWNﬁﬂﬁWu’Jm

AEANNITN 25

2
5 — C qu(l - )
v . (25)
e q = Uniform Distributed Bearing Pressure
B = Characteristic Dimension of the Loaded Area
Cd = Parameter Depend on Shape of the Loaded Area

=  Poission’s Ratio

E = Elastic Modulus



v 1 bl H
@13197 7 A1 Shape and Rigidity Factors @115 UMUIMINGAAAUDIINUTINTZINADNUN

Shape Center Corner Middle of Middle of Average
shot side long side
Circle 1.00 0.64 0.64 0.64 0.85
Circle (rigid) 0.79 0.79 0.79 0.79 0.79
Square 1.12 0.56 0.76 0.76 0.95
Square (rigid) 0.99 0.99 0.99 0.99 0.99

Rectangle: Lengthlwidth

1.5 1.36 0.67 0.89 0.97 1.15

2 1.52 0.76 0.98 1.12 1.30

3 1.78 0.88 1.11 1.35 1.52

5 2.10 1.05 1.27 1.68 1.83

10 2.53 1.26 1.49 2.12 2.25
100 4.00 2.00 2.20 3.60 3.70
1000 5.47 RS 2.94 5.03 5.15
10000 6.90 3.50 3.70 6.50 6.60

#31: Winterkorn and Fang (1975)



Geological
condition

Settlement calculation

(a) Homogenous,
isotropic,
half space.

(a) Determine shape factor Cy
from Table 5.6.

(b) Calculate settlement using equation 5.18.

(b) Compressible
layer on
rigid base.

(a) Determine ratios H/B, L/B.
(b) Determine shape factor C from
Table 5.7.
(c) Calculate settlement using equation 5.18

(c) Compressible
bed within
stiffer
formation
E;> B8,

(a) Determine ratios (H,+H2)/B, L/B.
(b) Calculate weighted modulus E for
upper two beds
E=(E\H, + E,H)(H, + H,).
(c) Determine shape factor C_
for ratio (H, + H,)/B from Table 5.7.

(d) Calculate settlement using equation 6.18.

(c) Compressible
bed within
stiffer
formation
E > E,.

(a) Determine ratios (H,+H,)/B, L/B.
(b) Calculate weighted modulus E for
upper two beds
E=(EH, + E,H)(H, + H,).
(c) Determine shape factor C
for ratio (H, + H,)/B from Table 5.7.

(d) Calculate settlement using equation 6.18.

(d) Stiff bed

(a) Determine ratios H/B, E,/E,.

a overlying (b) Determine correction factor a
o4 compressible from Table 5.8.
RPCIN formation (c) Determine shape factor C,
nl e E >E, from Table 5.6.
1 Vi (d) Calculate approximate settlement from
] equation 5.18 using elastic
E. v, parametes E,, v, for overall
foundation.
il (e) Calculate actual settlement using
equation 5.19.
% (e) Inclined, Use numerical analysis to accurately
.. non-uniform model foundation geometry.
.4 bed of (Fig.5.13)
== compressible
rock.
E, v,
E,. ot
“4 (f) Transversly Use equations 5.20a-c, 5.21 and 5.22a-d.
Y B isotropic rock.
e e e BB,

301: Schleicher (1926)
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4 (Y v v
M3AANZHNgANIINvedlasIaSumangadilaal¥+anms Beam on Elastic Material

Y { Y [ 1 . . 1 H
TAT9a319NINAIVUFIUTOIT VUV UBANEGY (Elastic Foundation) Hniagnsanielui

Yo a A 4 @ @ Y o ! 4 @
UlﬂTU'O‘ﬂ‘ﬁ‘Wﬁi]1ﬂﬂ'liLﬂﬁﬂu@]'Jﬂl'i]\‘lﬁ'l‘lﬁ@\ﬁ“lJﬂ'l‘(’l‘lﬂlliﬂﬂig‘ﬂ'l %Qﬂ?ilﬂﬁ@u@?ﬂl@ﬁﬁ?ui'lﬂ

Y
(Y 1 @ 1 a 4 a
ﬁua&m‘um Stiffness ﬂl@ﬂiﬂi\if’f%}Nuaz ﬁ?ﬂﬁ@\ﬁﬂuﬂﬂﬁﬂﬂqu NITAUATIEUNHYANTITNUDIFTIU

U

51710141 ENN15 Beam on Elastic Material 100819898u3/A31U U049 Winkler (1876) Faliilon

v

N

ZDhe

v

(M)
y
q(x) =
dM(x)
M(x) M(x) + .dx
- gy
o
L o
V(x) V(x) + dv(x).dx
dx
p(x) v
dx
(v)

d‘ Y A (% [ A ]
NNN 23 TﬂiaaiNmnmuugmimﬁmmuﬂwqu (M) LATAUAAVDILLTI (V)

#1301: Zhaohua and Cook (1983)
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aaa Y @ I (YA v A (%
1. L!ﬁ\i‘ﬂgﬂﬁfJ"IﬁTLl“l/]ﬂl‘ll@Qi"luiﬂﬂi‘]J p(x) Lﬂuﬁﬂﬁ’)uiﬂﬂ@]ﬁ\‘]ﬂﬂﬂ"lﬂﬁlﬂﬁ’ﬂu@’ﬂu
A ] v 3 o { o & A T W . A
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% H 4 d f 1}
Linear Springs Model A4&NNIT 1126 Taeh k Ao Winkler Foundation Modulus (1 1a1n9nH

1 I 1 1 1 @
TATRLISIY Lliﬂﬂﬂﬂflﬁ\lfﬂ’mﬂﬂ”ISLLf’Ju@'I’J"lI’t’Nﬂ’JWiJﬂ’SJNSU’t’NﬂWM (F/L3)

p(x) =k y(x) (26)

v
=K A

2. Psessunuvdanguaany Iaseade Rumeaanuniu) Feauuazaiuag la

A 19
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a S 1
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ra J % 9y A
4. "larwmﬁﬂnmﬂmmmﬂmmmau
9 T
5. Iﬂﬂﬁ'iNll‘JJ'i‘]JLLiWHiJLLu’JLLﬂu

M3 3NT12HFIUT095 VI One-Dimension Linear Element Taoauya 19 Ingeaiig
YOINTUINOYUUFIUTOIT UL VTANEY Fan i 230 uermanusessuimin qx) ez
U095 UIUUBAMEUTATA1 Modulus of Subgrade Reaction (k) Fefviaendiu (F/L)lums
Ansziuun 11 usel§Rzefinszshanmnaenivesaudiauniy Winkler Foundation
Modulus (k) f)a! AUAINITUOUA: y(x) ‘%Q?‘h Winkler Foundation Modulus 18910 Modulus of
Subgrade Reaction: (k) gaA11mwnivesnu (b) dwsuluannzavgausinszyiuezis
UgFod g ldiiamsdavesnuluszinu@endu nmi 23v uaasivaugavouss
meluazmouen iedazudiuveslassarnvnamiiy dx Taefmualdiamees
TUIUA M) 1Az 180U Ve et x @udhevesdudau) Timmiaan saiuiles
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YA A A 2 a ) @ A oA
ﬁmﬂal‘lﬂlﬂﬂﬂlﬁﬂﬂ']ﬂalu dM®x) Hag dV(x) tNuUU uu‘ﬂﬂ@ﬂﬁ@]’m‘u@ﬂIﬂlnu@lllaglli\uﬂ@uﬂ

EY 1] ' v ]
AT Lﬁﬂﬁﬂﬂﬁﬂ]@ﬂlliﬂiulmﬁﬂﬂ HAANAITUMSIN 27 LAz auNTN 28

V) —(VE)+dV(x)]—p(x)dx+q(x) dx =0 27
Faru
dV(x)
—=qx)—px) (28)
dx

i ] v
nazaugaved NWUATOUYA O LEARIauN1s 29 o dx IAntoeun Auiu

' o2 1o A o 4 < 4
dx - dx RedisnIndguet s ldaunsi 29 aundedu aumsi 13

d
M(x) = V() dx +[q(x)] = p(x)Jdx - — —[M(x) + dM(x)] = 0 (29)
2

dM(x) _

Lﬁ’e‘) dx-dx—>0 V(x) (30)

dx

v 4 ' @ [ !
ﬂ’ﬂll’d‘JJWuﬁﬂlﬂﬂimuu@LLa8f‘lﬁll’f)l!ﬂ’)sllﬂﬂﬂ'muﬁﬂﬁﬂﬂﬁhﬂ']ﬁﬁ 31

2
El-d y(x)
——5—=M®x) (31)
dx
Tagh  E Ao Tugaadawnguuesniu
A s A
I Ao TuudnnumesueIniy

(HeNTANAUMIN 31 TIWAVTUNTN 28, 29 tag 30 wazirualia EI A (Ui

= :', Y o v dy = [ Y o d’
UANUTNUTUDUDIHUINA mea@mammﬂu) %gllﬂﬂ\‘]ﬁllﬂﬁ“ﬂ 32

4

El-d y(x)

—Z - +ky(x)=q(x) (32)
dx
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v r Y
MADVVDITUNIIN 32 (Closed-Form) Y04 1ATI85 191111 Infinite Beam 11911111110
o 3 tﬂl =" a Q‘{ o OJ o \ L:' % L!'
nyem aquaadlunni 12 Tasddulseansdmsumsamuiaa lua1s1ean 1 aaaumsi 16

89 AUN1IN 20

A = Ywaer (33)
Ay, = o X (cos Ax + sin Ax) (34)
By~ e M gin Ax (35)
Gy = ™ (cos Mx-sin x) (36)
Dy, = &M o5 Ax (37)

4
Hetenyi (1946) Iavianaumsdmivinmnminussnonsgrinales vuaiu uagly
WanNT Superposition TUMIHAITANTIMLTINTZIIMAID 159 ez Tatauenl Al utengu

. I 1 Y v dy
Stiffness YoaAdlY 3 ngu 1Aaai

1. Short Beam: Al <70/ 4 iluTassadehitinnundaunsa Rigid) usjnserves

[ s Y ' [ Y
ﬂ'luiﬂ\?ﬁﬂuwalaﬂu@ﬂﬂ@ﬂqﬁﬂﬂﬂ]@fljﬂﬁ\‘]ﬁj'm

2. Long Beam: M > 10 uTnssadaiifianudadald (Flexible) Tumuddnaziinigs

PNAUHU

. & Y da < !
3. Beam of Medium Length: 7T/ 4 < AM<T Lﬂuiﬂﬁﬁﬁ‘iNmJﬂ’JHJLL"INﬂ1uﬂmQEJg

5%%719 Short Beam N1/ Long Beam

o @ 1 a o < { l 1w
dmSumsdszanamlasinsanyasesiuldduadSifisrsnnunie 1) minu

AR0AAMLEIUDIATY aaraadlunIng 210 uazalSariadatusauaiteye luwsag
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v v Y H
ﬂ?\iﬂﬁ\ﬁlﬂ\iﬂ’ﬂhﬂ’iﬁﬁi%ﬁ’ﬂﬂﬁ‘]ﬁﬂ (172) MIaDINN A lunng 21 Tﬂﬂlfgfluﬂigllﬁﬂﬂ

Y A & o Y Y1 Ad a A o
UINATUNTSANUINAY GINﬂWIfJ‘UTﬂEJ‘]Ji$1ﬂmfﬂ$!"’UﬂﬂaﬂTV]Lﬂuﬁ]iﬂmﬂmuﬁuﬂl’ﬂﬂﬁﬂ?\ﬂﬂﬂﬂ

A ] 9 1 v Y 1 ] < 1 A A [ 9
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FUWITEHINFUTaanInaaunsni 38

1 < TT/4M

(3%)

Boresi ef al.( 1993) ldauensainauninnuedna (L) aan1nn 22 ansaly

M0 (Close-Form) U4 1A3383191101 Infinite Beam 18 8181 L > 37T / 2A

M990 8 AMADUAUNS (Close-Form) Tumssunsavea Ingaas 19ninnuenuin 190y

JIUTIT VD UTAKGY

Concentrated Load at Center

Moment at Center

PA Ma2
= —A = 0
y - Ax Yy . B2«
—p) 2 3
0 PA I 9_M07\, -
k k
M_LC M—M—OD
47\1 7\4)( ) 7\.)(
Sl il
- Ax = Adx

2

30 Boresi ef al. (1993)
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a) Deflection

a) Deflection

+ +
b) Rotation _—"7""~_ T~
b) Rotation ¥ .
o) Moment__——~ -
¢) Moment /
4
'
d) Shear
d) Shear ﬂ
(M) (V)

Y v J o ] [ o @ o
M 24 Taseadndinnuonetiudinauugiusessuuuudangu Tao (n) Sutiminnsgh

o J o A o v
LuYIaLae (V) iUTﬂJLﬂJUﬁﬂ’izﬂmmmeﬁﬁﬂaN

nn: Hetenyi (1946)
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M=do’/dg (39)

Tagh M fo Tangent Modulus 130 Deformation Modulus
A
fl

!

dO ®  Increment of Effective Stress

de Ao Increment of Strain

iie111A1 Tangent Modulus 3 maaafisuiuniiienssilssanana (Effective Stress,
o) lunsain150aAa (Compression, C), N13VINAT (Swelling, S) azMIsARIE
(Recompression, R) Faawii 279 wuen Tangent Modulus UUsAUN UMM U5aNTHA
(Effective Stress, G') 11a2f1 OCR 03U Janbu (1963) I@taruoaumsfi 40 fienm Tangent

9y
Modulus UBIHULAZAUTUANNG) Aall

M=mo, (G, /o)™ (40)
Tagh m Ao A1 Modulus Number
a fo Stress Exponent (0 <ax)
o', D  Effecrive Vertical Stress (AG + G”y,)
O, f® Reference Stress IAUMNU 1 Atmospheric Pressure (100 kPa)

1 I 1 [ Y =\ Y A dg@l 1
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M15190 9 11AAIA Stress Exponent 1482 Modulus Number U991 ULAZAUFUAN1

Soil or Rock Type Stress Exponent: a Modulus Number: m

Rock

High strength 1 1,000,000 - 1,000

Low strength 1 1,000 - 300

Till : Very dense to dense 1 1,000 - 300

Gravel 0.5 400 -40
Sand

Dense 0.5 400 -250

Compact 0.5 250 - 150

Loose 0.5 150 - 100
Silt

Dense 0.5 200 - 80

Compact 0.5 80 - 60

Loose 0.5 60 - 40

Clay : Silty clay and clayey silt

Hard 0 60 - 120
Stiff 0 20-10
Soft 0 10-5

Soft marine clay and Organic
Clay 0 20-5

Peat 0 5-1

301 Janbu (1963)
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7  Vesic and Saxena (1974)

8  Ullidtz (1987)
9  Khazanovich et al. (2001)

10  Setiadji and Fwa (2009)
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DEPTH BH-6% BH-7% BH-8
BH-1% BH-2% BH-3% BH-4% BH-% . )
(m.) 45 45 %
0-1 - - - - 78 63 74 56
1-2 - 60 - - 89 62 57 90
2-3 56 88 - - 90 94 94 88
3-4 79 71 - - 95 80 87 93
4-5 73 72 - - 95 85 98 92
56 94 96 - - 94 98 88 72
6-7 95 - - - - 82 89 -
7-8 85 - - - - 55 78 -
8-9 87 - 90 32 - - - -
9-10 49 - 91 92 - - - -
10-11 - - 90 54 - - - -
11-12 - - 76 70 - - - -
12-13 - - 90 99 - - - -
0.00m. Ground Level
Brown, loose, SILTY Wn = 283%
2 00m. SAND.(SM) SPT(N) = 10 Blows/ft.
Light gray. medium dense, SILTY SAND  Wn = 13.3%
_ 4.00m. some Gravel. (SM) SPT{N) =20 Blowsft.
E Dark gray, very dense, SILTY SAND. Wn = 152%
.»'_:S_ (SM) SPT(N) = 30 Blows/10 cm.
_______________ o ol
7.50m, =
Dark gray, GRANITE
qu="T793 ksc.
(RQD=87%)
LR U  ~-

AN 50 ANVANFUAY 0.00 - 10.00 UAT

A 3319y (2551)



O00m.

ANm,

T

Depth (m.)

15.00m.

20E M

24.00m.

84

Growund Level

Brown, mediom dease, SILTY
SANIL(SM)
Intercalate with SANDSTONE depth

oy

Wn o= 1 T00%%
SPT(N) =12-15 Blowsfi.

Dark brown, loose, SILTY SAND. (SM)

Wn = 2TR%
SPT (N) =35 Blows/Ti.

Brown, medinm dense to very dense,
SILTY SAND. (SM)

Wn = 138—147%
SPT (M) =20 - 50 BlowsT.

Dark brown, very dense, SILTY SANIL Wn = 1542%

(SM) SPT (M) = 30BlowsScm.
_______________ ¥______________

GRANITE (ROD=800) qu=389 ks

MW 51 ANVANFUAY 0.00 - 25.00 LUIAT

= L4

A3: A3WIY (2551)

msnaaeyIuielians Ingiinsnado Uniaxial Compressive Test U

Granite NAadoUTIUIU 32 Yoya Taghmsnaaeuuinadumisihmanzd s lunmi

48 MIVUTLUANANMINATOU WL ANURAYUDY Intact Rock 1¥A1 Elastic Modulus (1111

555,417 ksc. Az Stiffness, K = 341.9 ton/mm A4AINAN 52 LAAINITNATOUHY Granite
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MNAN 52 NMINATOU Uniaxial Compressive Test mﬂ%’ayamsmzﬁﬁaﬁ)

Y . :ﬁ’ AA o I a o [l
N133IUITINUBYA Schmidt Hammer Test Tﬂﬂwu*mmrl1mimaamﬂumnmmuwm

£ o {
N13INI1UITINAU AINING 53

M Y H Y
MW 53 NUANINATOD Schmidt Hammer Test U31IMUFIUTINAY



3197 14 WaNSNATDY Uniaxial Compressive Test

E Deta, A Load Stiffness Dia. Length Stress
AU Depth/N \Y L-Strain
ksc mm. ton k , t/mm cm cm. ksc
EGAT-5-1 0-1/6.1 360 0.0338 11.766 347.706 4.70 9.40 678.20
0-1/6.2 315 0.0295 10.279 348.637 4.68 9.36 597.56
0-1/3 300 0.0284 9.784 344.878 4.73 9.456 557.25
1-2/6 340 0.0321 11.105 346.006 4.72 9.44 634.69
1-2/3.1 275 0.0260 8.957 345.043 4.72 9.44 511.92
1-2/3.2 300 0.0283 9.784 345.463 4.72 9.44 559.14
2-3/1.1 230 0.0218 7.470 343.329 4.73 9.46 425.13
2-3/1.2 310 0.0293 10.114 344.881 4.73 9.46 575.59
0-1/7 0.21 413,000 300 0.0283 9.784 345.463 4.72 9.44 559.14
1-2/3 0.14 576,000 400 0.0380 13.088 344.429 4.75 9.50 738.59
2-3/3 0.24 309,500 350 0.0331 11.436 345.391 4.73 9.46 650.82
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— i

v-11
V-12
T.7
1-10
T-11
T-12
T13
T16
T-17 /
S5 /
57
510
511
512
513

Grid Line

MNN 54 WaNIINATOU Schmidt Hammer Test @G W14 10 TUa 1Y

1ANWA 54 eanToaglARaeYeIgaTIFlszauniial (Empirical Formula) §14
a13199 1 N1FNUHAULNTIA (Granite) 1Y Dearman and Irfan (1978) 1#A1unaA E, =52.336

Gpa.lla¢ Aydin and Basu (2005) 1¥iaun@ae E_ = 61.567 Gpa.
MITIVIINTOYANMINATOUMAIFTVINHHDUIITNNVRAA TN

mﬁi’ms:mﬁﬁ’a34”aﬂ15'nﬂﬁauﬁmﬂ”ﬂus51qﬂ6uaqmn%u”lﬁ'%umﬁmgmﬁzﬁmﬂ
Tasamsneadiusddysmgaisenlsznaning uazguilsonazimunianssulgivasgu
510 AULIAINTTUANEAT VHIINOTONBATANART ﬂTay.amimaauﬁwﬁ’ﬁuﬁmﬁﬂmmﬂ
uﬂmamﬂmﬁ’auﬁamsmﬁau Static Load Test 161 N1INATDU Dynamic Load Test c??ﬂu

@ 9

a0 Aa 3 <
NUIVYUNVBUANINUA uaagluasen 15

Y ° o o 3 o <3
ﬂ1§1\1ﬁ 15 muamﬁ’auﬂaﬂ1i‘Vlﬂﬁ’emmm’iuumuﬂmmﬂﬂlmsmmu

Sudoya

319N19
Static Load Test Dynamic Load Test

<
%’ayjamimaamammaﬂ 8 268
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< v o ¥ Y 1
%ﬂiﬂaﬂﬁﬂ’]ﬁﬂﬂﬁﬂﬂ Static Load Test L‘]Juﬂ’J”I‘JJﬁiJWU‘ﬁ‘U@Qu’]WHﬂ‘].lﬁﬁ“l/]‘ﬂ LAagAINIg

4 v A o < =t o A o w v ¥ o
mﬁeumﬁmmmm ‘fljﬂﬂaljﬁ!,ﬁa"lﬁ%81/]1611’97171311J5QW’E]¢Iﬂiillsllfl‘!gﬂﬂﬁ'@‘]_lﬂ?ﬁ\iﬂ'ﬁiﬂuﬂﬁuﬂ

Y Y Y
tazlsumMass M fﬂ?ﬂﬂﬂﬂaﬁuﬂﬂﬂuﬂﬁﬁﬂ‘kﬁm'ﬂ@ﬂiﬁllﬂ']'ii‘].lﬂ?ﬁuﬂﬂiinﬂsllﬂﬂ

]
v A

< < ' o < {
@y '51flﬁ3L%EJﬂﬁlli’NLfﬂlﬂ]11‘V]ﬂﬁi’)‘]JLLEI3ﬂTﬂﬁ1/]?@]@’3‘1/]W’Jlﬁilﬂlmlﬁﬂﬂiuﬁniﬁﬁ 16 uas 17

v
=

o w o 1 <
AU Gﬂ!ﬁ’iuﬂﬂ15%@ﬁ@ﬂlﬁ1ﬁmllﬁﬂ\ﬂuﬂTW‘VI 55

$ = [ o v o 3 @ .
ﬂ151\1ﬁ 16 518’@3&]ﬂﬂlﬁ’llﬂlnlﬂﬂﬁﬂuﬂ']a\jiﬂu’lﬁuﬂiﬂﬂa?ﬁ Static Load Test

S FAWHUIFIUTIN AU A dy (1) mimmﬁ’aﬁ Last 10 Blows (‘¥4.)
1 F7-5 16.80 0.90
2 K7-3 16.20 1.70
3 G18-1 20.70 2.00
4 Gle-4 10.90 2.40
5 K11-8 8.00 2.00
6 K12-5 10.30 1.40
7* F17-3 17.40 2.10
8* El16-1 23.40 2.50

]
a o <
HNYLYR * (AN Strain Gauge 611!!,@1']!7"’1]%
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M3 17 AININGAAININNMINATOD Static Load Test

Seud s0Uf 1 30U 2
AMINIAAT  AIINTAAT B3 MINFAAI  MINFAAL 93]
Warue ans  MINaa? Wanue ansd MINgA

(3.) (3.) 3./ (3.) (3.) /AU

1 1.83 0.40 0.015 4.46 0.58 0.019
2 1.76 1.49 0.018 5.86 1.64 0.032
3 1.14 1.08 0.016 4.46 0.38 0.024
4 2.82 1.67 0.042 8.38 3.12 0.050
5 2.30 1.14 0.029 7.42 4.03 0.060
6 1.52 0.92 0.018 6.28 3.08 0.050
7* 1.49 1.30 0.014 6.15 1.44 0.010
8* 2.02 1.55 0.022 7.95 3.59 0.079

]
a o <
HNYLYR * QAN Strain Gauge 6]flal!,fff']!f’llll
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a d \ a <
ﬂ1§')!ﬂ§1$1’i1"i1ﬂ1ﬁﬂ1/\|!uﬁ°lli’N!i:THﬂISJ

a Y v o d ' ¥ o A o w
‘Wi]ﬁil‘l'liﬂﬂﬂ’NllEﬂm%ENGUENLET‘L!?]’31Mﬁll‘wu‘ﬁi%‘l’i’JNu'l‘HuﬂﬁiJ1ﬂi$‘1ﬂ1 AUNIINGA

a ¥

@ < 1 . @ A 9 @ o A o 1w
Ao uaiinlums9(Working range) TaginaingaiGuau lldsgaMinninfunseiumauy

Q

¥ o Y @ 1 o 1 a <
inussnnlFan(Secant Modulus) fataasdregamsmuamimaaniuavesauiuly

~ ] ~ °
79 56 TaglFaunsn 63 lumsmuiu

K .= AP/Aw (63)
A a < o
o K, = gaviugvoaa vy (AUADIUNT)
¥ o <3 @
AP = u"IWuﬂﬂiimﬂ@@ﬂuﬂﬂ‘ﬂi’]ﬂlﬁ]ﬂm(@]‘Ll)
1 X o 1 § ’o} v o 1 1 U %)l v
Aw = 2IMIngaad a aurianiny®innszmMuaA A UINKINUIINn

DONUUU (LUANT)

1 (%} 1 d' 4 %’ % { /=W 1 % U 1
wuslumaanm‘ww 56 Lﬁ@uWﬁuﬂUiinﬂﬁﬂﬂﬂll‘]J’]JUl’S’iJﬂHTnﬂ‘]J 120 AU AINITNIA
@ ' a a & D a < 4 o 1w
AN 2.0 Yaaluag ﬂ\3L!’Llﬂ1’d@]V\I!,L!ﬁ*ll’é]\‘llﬁ'llellh!ﬁ@ﬂWH’JmGﬂiJﬁiJﬂ'li 63 TININU

(120/2.0) x 1,000 = 60,000 AUADLNAT

WUNMINATOU (AK)

0 30 60 90 120 150 180 210 240 270 300 330
0.0 :::::::::::::::::::::: I SR T SN TR S N N

oe

v —8—Cycle |

> 2.0 :
E K‘ i —+—Cyclell

1 o U a < a { 1 % ]
ﬂ]‘Wﬁ 56 MsmMuIpMaaiuaveua I TuANTHATIAIUAY mmm’ﬁumuﬁugﬂan 0.525

(¥\l9p)
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a d \ a v
ﬂ]i?!ﬂi]%‘l’i‘i"nﬂ1ﬁﬂw!uﬁﬂli’)ﬁ§11451ﬂ!m

o @ v A a a a o
amﬁammmmﬂmmﬁuwu‘ﬁmwqyf]ama@ﬂ mﬂqmgﬂmﬂﬁzaummiﬂﬂﬁ
A A =Y v Ja a g [ a = 1 [ A a o v J
uu’mﬂmm;]fcmwuﬁ1/1mﬂeuuiumnwmammmwmmmu muuiﬂﬂaﬂgﬁuwu‘ﬁ
@ I o 1 a Y
Tnssaduomsnugiunlaeiingg qxy) Hunsensziszrninedaseade (@uudningad
a dg@l [ 1 ~ A a o 4 v a =) Y 3}; a 9
INATVUININY) mumﬁmﬂaﬂgﬁuwuﬁgmﬁmﬂmuTﬂﬂmgiamumawu@uiﬁgmﬂﬂ p(x,y)
v 4 v
NUMITNTAAIVOIFUAU w(x,y) Winkler (1867) e dusANTMIMUNMIULTINAUD T
a I @ 1 a 9 = 1 I 1 dy A
AU k(x,y) WudaduFuduvod px,y)/wx,y) i AU Uriedlunssmenunaeszeems
v = J a 9 o a 9 [ gl/ = 9 a
NnyANI FUUUMIUNUNGANTTUABLVVT IO LT UTIdY AU 1AW WaNM T

Jd v { o 1 a 1 @ ] [ g
Uszaumsaladnsen 10 IMUINHIM ﬁﬁﬂluﬁﬂl@ﬁﬂWHﬁWﬂl!W ksiﬂﬁlﬂﬂﬁﬁﬂﬂwﬂ\iﬂﬂqﬂﬁ

M3 laonA298195 113510 F5 N0 4.00 x 4.00 A5 ANUANUBIFIUTIN 1.0

v o

A3 FIUIINUMAIBANDUNINFUNTINTEVINN 28 TU fe’ =210 N 1aNTUADMIIUFUANAT

[

Tugaatanguupsfiu E_ = 5,726,833.33 dUAoINAT LAZA1 1UQaaEAHgUY0IADUNTATIUTIN

QU

E,= 2,191,096.16 AUABIIAT THINUAANNMIADEUDIZIUIIN I = 0.33 m’ moaTrauiligeq

V=02

NNANUMTVDL Biot (1937) A9aUNITN 46

4 0.108
0.95E B.E
k = - . (64)
s 2 2
B, (I—v )| (1—VL )E I,

4

d‘ A [ a A 9 a
ek Ao AulsLANTMIAUNMULTINAVOIAY (MPa/m)
E,E, Ao TugaavarguupIALLazgIUTIN (MPa)
L, Ao sasautwesueay
B,L,H o A1W034, 108717 18gANUHUIY0IFIUIIN (m)
A s A 4
I, Ao TUUAANUNBIUBIFIUTIN (m')
v
H Ao ANUNUIVOIFUAY (m)

NAUNST 64 AWNTONIAT k_ = 3,235,221.19 AUADINAT
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a o g‘.: Y o as Jaa 4 3 ad )

w1 lumsdmsiziiy 1dvanmsvedds I ludsawud (FEM) fidsmssiuin
a o 4 a 4 [ a,
aaduavie ldmrnamasvesaumMInendinmans (Differential Equation) HaNM3Y097T

[ a I~ [ a

FEM Aomsiszana Taomsuiusnavesiymeeniluveuuades udiinsanauqgavod

1 Qy 1 [ =1 1 o 9
usaluueazyuaivgosNazalu Iagnsdasds luaass 191151033 STAAD PRO luns

a 4 o 1 4 J @ g}z [ f
WAIIZRUAZTIADIHIAIMINTANUANANNY TAsTTUADUALL
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1. ’diNLL‘U‘UinaEN"U@\‘]GI’J?JWH?IﬂiQﬁiNLWfJ’JLﬂiWWIﬂiQﬁiN

9 o @ aq Y v 4 Y
2. lumsadnunuiiaosvesgasessuszauyd inyasessuiunnuaSuve v

a

W lauauyAguues Winkler (1867)

Y

a s Y o 4 3 o {a { o
3. AATIEHMINUTIN 11Nl Full Load tVewiamiiinussnniainge Nazih 1

a v A 1 o o J o
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#11ael% Elastic Theory tazifSounoununansnsdvialuauin msinsIeunganssu
o = o 9 Y o %} v A o a3
MITUUIITINDININFAAIVRIs VY Insea519Tae FEM Tagligasessutiminnnsziuiluy

[ 1 A
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v Y
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M99 18 UoYANIIMUIUNIA K - Spring YOIFIUTINAY

Type of Foundation Column load Wide Length Depth Area Modulus of Elastics E, Poisson's

ton B (m.) L (m.) H (m.) m’ E (Intact rock) (t/mz.) (t/mz.) ratio
Shallow Foundation F8 2,784 4.80 13.80 1.80 66.24 4,760,710 476,071 0.2
Shallow Foundation F6 843 4.40 4.80 1.50 21.12 4,760,710 476,071 0.2
Shallow Foundation F4 528 4.00 4.00 1.00 16.00 4,760,710 476,071 0.2
Shallow Foundation F5 700 3.00 4.80 1.50 14.40 4,760,710 476,071 0.2
Shallow Foundation F3 480 3.00 3.00 1.00 9.00 4,760,710 476,071 0.2
Shallow Foundation F2 237 1.50 3.00 1.00 4.50 4,760,710 476,071 0.2
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. Y a t4 A 9 v Aa
Biot (1937) "lﬂlﬁu@q@liﬂﬁﬂﬁgﬁﬂﬂ'ﬁmﬂ']ﬂﬁ'ﬁ']\iﬂ 10 Glﬂfﬁ'lﬂ']ﬁﬁi"huﬁ”llﬂﬁjj']uﬁ"m
ﬁy Y Y = A o o [
AU Tﬂﬂﬁl%ﬂlau‘,aiwaxL@ﬂﬂﬂl@ﬂyuﬁﬂ 1NAITNN 18 Glufniﬂ?u’)mlm&kﬁﬂﬁﬂu!ﬂuﬂﬂ’]

k Spring ¥03§14310AI1UAINN 58

s3 T3 N R S T \%
g ! & ! %

R-5 S-5 T-5 Vi5

EZI K, T/m
B R-6 S-6 T-6 Vi6 10000000

Eg 9500000
9000000
- R-7 S-7 T-7 V7 8500000
Eg 8000000
7500000
N-10 R-10 S-10 T-10 V-10 7000000
E E 6500000
6000000
R-11 S-11 T-11 V-11 5500000
N-; 11 & IE IE 5000000
Eg 4500000
R-12 S-12 T-12 V-12 4000000
= & & IE IE 3500000
3000000
R-13 S-13 T-13 V-3 2500000
] & Eg 2000000
1500000

X &

V-17

Y o ' c&’ 1
MWA 58 @11UIUPIgIUTINAULAE Contour A1 k_Spring TaalFaun1sue Biot (1937)
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Kogler and Scheidig (1938) ldtauagasidlszaumsaininaiiied 10 léman

A X K = = °
ﬁﬁwmﬂ"ll@\iﬂ'luﬁﬂﬁu TﬂfJGlGD"lJf’J‘J;I,ﬁﬁ1EJﬁ$L’E)EJﬂ‘lI’EN§"Iui']ﬂ P15 19N 18 Jumsamuiamay

HAASAMNULAT k Spring VOIFIUTINAIIUN NG 59

s-3 T3
K1 N4 1 U4
PN P
| R-5 S5 15 vis
X
: R-6 S-6 T-6 vie
X
| R-7 S7 1.7 viz
X
NA0  R10  S10  T-10 V-0
D >
R11  S11  T41  v4il
7 X X D
N-11.1
X
R12  S12 T2 V12
| X X X >
R-13  S13  T-13 Vi3
KX X
R-16 V-16
X
V-7

8000000

O

O

0000008

10

11

12

13

16

17

K, T/Im

23000000
22000000
21000000
20000000
19000000
18000000
17000000
16000000
15000000
14000000
13000000
12000000
11000000
10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000

v Y
MW 59 G‘hgmuwmgmﬁﬂﬁuuaz Contour A1k Spring Tagldaunisves Kogler and

Scheidig (1938)
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. Y a t4 A 9 1 Aa
Vesic (1961) llﬂlﬁuaq@ﬁl%ﬂﬂﬁgﬁﬂﬂqﬁmﬂ']ﬂﬁﬁlﬁ']\jﬂ 10 Glslfﬁ']ﬂﬁlﬁi‘ﬂv\huaql@\iﬁ']uﬁ']ﬂ

4 v
au Tagldtoyaseazidearoagusin 11nm15190 18 lumsmuiaaguaadwmLam

k Spring U8491U31NA4 1L NN 60

o s N R s T v
A | KA 1 U4 | | 3
PN P
| R-5 S5 1.5 vis | i .
X
a R-6 S6 hees vis | .
X
| R-7 S7 1.7 vz o 7
X
NE-m R-10  S10  T-10 \/E-lo | ¥
R-11  s11  T11 vl A
7 X X D 1 B
N-11.1
X
R12  S12 T2 va2 .
7 X X X D L B
R-13  S13  T-13 V413 A
T X X i
R-16 V-16
X 16
V-17
17

K, T/m

6200000
6000000
5800000
5600000
5400000
5200000
5000000
4800000
4600000
4400000
4200000
4000000
3800000
3600000
3400000
3200000
3000000
2800000
2600000
2400000
2200000
2000000
1800000
1600000
1400000
1200000
1000000

v Y
MW 60 F@1HUIUBIFIUTINAULAZ Contour A1 k Spring TaalFaunsves Vesic (1961)



100

. 9 a 4 ~ 9 [
Meyerhof and Baike (1963) laleruogasidailszaumssininansiei 10 14w
a X vy a a o
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Glock (1970)
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Pimpasugdi (1989) Tat@u®ITN5MIAT k, A9AUNT 44 91NNITNATOU Static piles load
Yo ~ < ' . Ay . SN
test Iﬂﬂ%’ﬂﬂﬂ’imj’lu’i1ﬂ!,ﬁ”llﬁlmiﬂﬂﬂ1 k Spring lannmMIsnaaey Static piles load test U1

TndiReen A1 k Spring 11 1A01ANANINATOU Dynamic piles load test 74N INN 73
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29 20

MNN 74 A1k INHANITNATOD Dynamic pile load test NUA1 k NAIUIUWININAUNT Elastic

theory m@qmnéﬁm@ﬂ 0.525 x 0.525 tuAg
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K-Spring Dynamic piles load test {K), t/m
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MWN 79 52U k - Spring YOIFIUTINUAAZTUA ANFWHUS Grid line
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1nMImMstaese1mshlsihmsane Insamsneadiandda Jamngnu danda
o = Y 3 9 o [ 3 aa q Y
1un1y3 Tasldnannisves Winkler (1867) a5 19uuUs1a94 Iaguuuiiasuilunuuaeia 14
1 o a Jd o {
Tas5unsu STAAD PRO 18 lunissiaee Inamsiasizriaauaadluninm 80 81 82 uay 83

3 @ ! Y A o (3 A
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Type of Footing

Total Load

Floor

F8

F7

Fo6

F5

F4

F3

F2

F1

7,680

7,680

17ula

19,920

2,880

720

2,640 240

3,360

5,520 4,560

17,040

2,640 240 720

3,360

520 4,560

>

5

24,040

1,080

3,520 240

,080

10

,120

9

4,840

1,080

240

3,520

4,840

1,080

240

3,520

1,320

1,080

240

1,320

1,080

240

1,320

1,080

240

82,320 (Load 120 ton/pile)

Total allowable load due to foundation

82,320

205,800 (Load 300 ton/pile)

Total allowable load due to foundation

MNA 80 MU181aY Node Number 910A1591204 198 1151053 STAAD PRO
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MWA 81 ruAsUReUINMITIand lae lusunsw STAAD PRO

MINNTUINTNADULTIROUNNAINIATOITUNTAN 1AINITATINAO VMG
MumuusaRounesnld ACI9.5.2.3 wieusudounuuamunean1dimng 0.29-+/f ¢ ksc.
Tagauiuua 0.80 x 1.20 m. TagsnamausadounesyliuaznSeuneutunsadoun

a dy a 9 A
Lﬂﬂﬂluﬁ]iﬁl’lﬂmﬂ@'ﬁ%ﬁﬂ 20

M990 20 MIATADULI URoUNoN 1WA LT UROUIINNITT 1909 FEM

muﬁaummmuﬁmm umﬁauﬁaaﬂﬁ'
Node Number
Vv, (kg.) V. (kg.)
Max Fx 1 0.20 46,585.23
Min Fx 1 0.20 46,585.23
Max Fy 346 28,331.19 46,585.23
Min Fy 345 -29,459.12 46,585.23
Max Fz 1 0.20 46,585.23
Min Fz 1 0.20 46,585.23
Max Mx 312 2,495.11 46,585.23

Min Mx 346 28,331.19 46,585.23
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A P~ v
Llﬁ\uﬁﬂuﬂﬂﬂﬂﬁlw

Node Number
Vv, (kg.) V. (kg.)
Max My 1 0.20 46,585.23
Min My 1 0.20 46,585.23
Max Mz 346 28,331.19 46,585.23
Min Mz 291 24,006.83 46,585.23

M 82 unun lumuannmisanslaslisunsy STAAD PRO

a I a @ o o o w
ﬂﬁ‘Wi]TimWIi’Ji]’d’EJ’UIiJLlllmﬁLﬂﬂﬂ1ﬂi}ﬂiﬂﬂiﬂﬂ§ﬂ@]’ﬂﬂfJ“VI'IﬂﬁG]i’Ji]ﬁE)‘UﬂTﬁ\i

aumuTugaauand1mny 1.99-+/f ¢ Neouli AC19.5.2.3 Tasaruiivua 0.80 x 1.20 m.

H Y
A11150AIUIUHMIA Cracking Moment tazit/5euieuiua1 Moment MAATU3 4 1aAaA1519

21
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\ TuuaNNUUTIa04 Ty ool
Node Number Ix (cm)
Mx (kg.cm) Mz (kg.cm) M,, =fr*I/y (kg.cm)
Max Fx 1 11,520,000.00 - 20.39 = 10.19 12,786,842.52
Min Fx 1 11,520,000.00 - 20.39 - 10.19 12,786,842.52
Max Fy 346 11,520,000.00 - 1,384,077.47 9,060,428.13 12,786,842.52
Min Fy 345 11,520,000.00 - 85,351.68 117,594.29 12,786,842.52
Max Fz 1 11,520,000.00 - 20.39 - 10.19 12,786,842.52
Min Fz 1 11,520,000.00 - 20.39 - 10.19 12,786,842.52
Max Mx 312 11,520,000.00 1,517,971.46 -259,266.06 12,786,842.52
Min Mx 346 11,520,000.00 - 1,384,077.47 9,060,428.13 12,786,842.52
Max My 1 11,520,000.00 - 20.39 - 10.19 12,786,842.52
Min My 1 11,520,000.00 - 20.39 - 10.19 12,786,842.52
Max Mz 346 11,520,000.00 - 1,384,077.47 9,060,428.13 12,786,842.52
MinMz 291 11,520,000.00 - 216,952.09 -12,233,068.30 12,786,842.52
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MW 83 LHUNMNUBININAAIINNIT1a04TAsT1)51nT1 STAAD PRO

a d o a g {a o
HAMIAATIZH AINMINFARIZIgAnATL luLUA Grid line M AAATIZH 189 INLLL
o o A o & v da X
N1391983 Model uazwamimﬂmﬁmmm"lﬁ’mﬂmyﬁ Elastic 533J‘1/Nﬂ1ﬂ']’i‘1/]§ﬂ@l’3ﬁlﬂﬂ"’llu

Tuauu1duaaluaisien 22
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Grid Line No. Settlement Center (mm.) Settlement Center (mm.) Settlement Center (mm.)

O =C qB(I-V*)/E Model Actual
M-3 0.263 - 0.00 - 0.00
M-5 1.101 - 0.00 - 0.00
M-6 0.190 - 2.80 - 0.00
M-7 1.658 - 0.00 - 0.00
M-10 0.847 - 530 - 0.00
M-11 0.228 - 1.23 - 1.00
M-12 1.101 - 0.00 - 2.00
M-13 1.404 - 835 - 3.00
M-16 1.554 - 0.00 - 2.00
M-17 1.563 - 0.00 - 4.00
M-18 1.066 - 0.00 - 0.00
M-20 0.263 - 0.00- - 0.00
Settlement Center mm. Settlement Center mm. Settlement Center mm.  Grid line
d =CdgB(1-n2)/E Model Actual BCS
|Ir —m mC6
-1.000 - ‘ uc-7
‘ mC-10
-2.000 T —
|| mC11
_ -3.000 - —] mC12
E (13
g -4.000 }
S ‘ mC-16
g -5.000 mC17
] |
v £.000 mC18
mD-4
-7.000 D19
-8.000 mE3
mE-S
-9.000

MW 84 UNUNINAIINGAAININNGH] Elasticttas 11131893 FEM tazasiviaa luauy
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o 1 [ a A 9 =1 o
NUUVT1a99 1U39 Full load tazmsasrviangansiuluauy e lsnfSeumneununa

a 4 =2 Yo it
M3unTIzH manmsanuaunsoagllaaail

a 4 ' 1
1. MIAUATIEHHIA K - Spring U8 Shallow Foundation Tag Empirical Formula WU
NNgaIzi)sAUAUVIAYEIgINIIN TAA1 K - Spring 3 UAIZINNULIAYDIFINIINAL

TR

a J 1 . 9 4 4 .
2. MIAUATICHHNIA K - Spring Taglswan1snaaoy Static Pile Load 1ag Dynamic

. g’/ a 1 Y o A 1 YA (%
Pile Load Test Tuwuiu wua11%a1 K - Spring Uan lnatasenu

! . ' E . a [ 4 <
3. 1K - Spring 910NQY Driven piles @11150051U18 I ulomsnenia iy Tag
1 <3 1 1 1 1
AUAUA Last ten blow AMWANveua1in lilinagon K - Spring 198A1 K - Spring 1411910
@ o w w [ 1 1 '9/ [
MINAUIMAITVUTINUN1919v0 e 1Y Skin Friction 39eamalit A1 K - Spring liuny
1 ISP = ' J . A o Y = .
AN uAvzlinined Tagansouasi1nin A1K - Spring NAuan 1dA01NNg e Elastic
I 1 1 (%
(K=AE/L) WJum K - Spring Mlanmsnaaey Dynamic pile load test ANGTUNIT Y =0.124X +

< ¥ a
44,834 Elaff}mmzmmmmmm%uwu

4. A K - Spring 910NV Socket Piles #1115005110 1821 A1 K - Spring 71 l@a1nns
2 Vo < <

NAADL Dynamic piles load test 92 YUDGAUAMWEIVOUA UL Taed uaudniinaueInneg
191 K - Spring 1 Taeai laaeandeanunsmuIsmia1 K - Spring 1a87% Elastic 110

3 { 1 a a I v v o w
ninniinnuenios 92141 K - Spring 110 (Aanusaunmuvesiuiudasumas End

. ' ' . A o Y a . I
Bearing Tasaansouasmain A K - Spring mmmmhlmquyg Elastic (K=AE/L) 11Jufn
K - Spring 11 1#31AM13NA@®Y Dynamic pile load test AIaNMST Y = 1.341X + 86,312 1#1ame

< ¥ a
memmﬂu%u‘ﬁu



122

a 4 a { ' [ { [
5. Nafﬂﬁ’JLﬂiW%ﬁWf}ﬂﬂiﬁJﬂl’ﬂ\‘]IﬂﬁQﬁ%WQﬂﬁﬂ?ﬂ‘ﬁLW]ﬂ@Nﬂu Nasvia luguu
-5 d%’

' v { a
Wevnuuuiiaes weliminussnnnnizy lasnsausanouuas Tuuuaaaiinay

1 A A a dy A o 1 Y1 a9 1 A A
NUNUITURDUNNAVUUINFTANAULH U Node 345 %A1 Shear Max UA1UDININITAROUN

‘g 1

9 ] U s A a A o ] Y Aa 9 [
gou 14 1.5 AU T UAAANINAYUNA LU Node 291 T Moment Max NUAIUDYNIN
Y Y =

. [ v A o v ' v y A=
Crackmg Moment uluﬁﬂﬂﬁiw Iﬂﬁ\jﬁ'i’]\j@']ﬂ"li Ll@ﬂi’]’JWWTLLWUQQQﬂaq’Jjﬂ Tﬂﬁ\jﬁ“j’]\iu{ﬂ\ju

aNulanane

6. Wam3J3euMeUN1INFAAI3L1 I Shallow Foundation N1J Socket piles 11911
i Socket piles UAIMINGAAININNI Shallow Foundation 96.3 % 113 1UN Y Elastic a1
mmsngamnnuuuiiaeslimngadfiaaiu 87.3% uasnansngadaninms faailu
AUMUANANNY 53.8% 115005110 1871 Socket pile 912 TAININFARININN Shallow
Foundation ttaznan311/5euiNeun15n3a@13:1 319 Shallow Foundation 11 Driven piles
#aiTeaT Shallow Foundation UAINIINGAAININNI Driven piles 97.14% d115D NuY
Elastic Fumsngadannuuusiaesliamyadafiensiu 99.81% azranisniadiannms
FamlTuaumnanaenu 76.46% a1m15005110 1411 Shallow Foundation 92 3iA1nsngasa
110N Driven pilettaz wan31/FauMeunIngaal5enaN Socket piles 11 Driven piles
sarfusiatl Socket piles NAIMINFAAININNI Driven piles 73.62 % 15U NYHY Elastic 9
mangadannuuuiaeslimmgadfiaatu 0.02% uagnamngadannms faa luau

LANANNY 50.17 % e1115095U18 1871 Socket pile 921AINITNFARIUINNI Driven pile



YDA UDIUL

a o a 4 do 1
1. miﬁﬂmuammiwwwmﬂiﬁmmgmﬂmﬁaﬁﬂymmﬁauuaﬂmuummm
) A Aa X 1 2 o I A a A
NAULIIUANNAVUD YN ALLIDYUA mimamgmﬂmﬂmmu Plate mmmﬂgﬂuuugmimmm

[ I~ 1
anwazlu Plate 110N1ATU (Beam)

o a 1 a 1 .i’ a
2. mIwamMEMImImaaiuavesalunmzduvesgIuIINaU Aeiinadou
3 v A A = a Y dy A a (% A
HINUNIIN LW?JGl“]aﬂuﬂTiﬁﬂ‘hHWﬂG]ﬂiill"llf]Qiﬂiiﬁi1\1§1ui1ﬂﬁu‘mﬂﬂﬂﬁ‘ﬂ?ﬂ@]’) IWON
o v J 1 1 . K [ a o A
AIMUTUNUTIEHINATK - Spring "UEN‘V]E]‘H?] Elastic ﬂ‘]J‘Wi]G]ﬂ‘iﬁﬂJﬂﬁﬂ?ﬂﬁ?ﬁqﬁiﬂﬂﬂﬁ

nagev luauw

3. Tumsadrasuuiiassluaiuues K - Spring Asmiad s lunuisuiionn
@ Aa 2 ' @ nm Yy o ° A 0 K 1o A
Tagtiunssiinatiunaz deawansgnuvand lu'latuausanszsi lunuaanniu uaddingg

TS NN NI BUTINNANNLHUAY 11D NA Y

123



PNANIUAZTID19D9

4 ' (% a a
nOwal (@139, N0 THA TUNITNNT Hag DITINA I555UZA. 2552. WRaAnsTuTATIas1e
YTUMINGAAIVTNUADALIUVUAUNTBIDOUNTINN, Y. 456-462. Ty M3

g‘J ¥ a o 4
ﬂﬁ%‘lﬂl%‘lﬂﬂ]ﬁﬂﬁ\‘lﬁ 47. UN1INYQUNHATATAT, NTUNNC.

4 = 1 [ J a
DY 1A LAY no lyn IUNITNNT. 2552. msmmaanivavesadSalasms
J [y U v v Z
s5zgnal¥1anns Tangent Modulus 3INAUMINATOUMIOAAIMNELIN. ALY
a 4 a [ 4 [P A
IFINTIUATAT UHINIAVNBYATAAAT, NTINNL. (Laﬂmi"lu?lwu‘w).

Y]

a o
ANT WU

a J 4 Y] 4
'151951']\‘]. 2548. fﬂﬁ3!ﬂ’i'l%ﬂ“r’i‘]:!'Jf.l!!’i\‘i!!ﬁ$ﬂ1’i!ﬂ$®1~!ﬂ’ﬂ‘1—!§1ﬂ'ﬂﬂﬂli‘)\i!sﬁﬂuﬂﬁ@@ﬁ1

gD

' 1'% A da d a a J a @ J
mummf’lw"lummmuﬂ. ’JTIEJTHWH‘E‘]J%Q}QJJTTI, URNINYIAYNHATAINAT.

4 Y : Y U g‘J
WHINYIU 811, 2549. wqanﬁsun155Uumunmmsxummvﬁu%wnu Pile Cap VUTUAY

a a 4 a v v A
oo, AMUNUSUTan In, uInedesaa.

[ a Y v = 4 d d d‘ 4! Y U
Sgwa naed. 2549. anmniuvesdudualesanaunlszianivilanasnaassiuais

3’ U a a 4 a = ]
AAUIDYINLLTN. 'JT]EHUWH‘ﬁ‘IFiQ}JiUJIW, UHINAoITE9 1nl.

£ [

J @ ] 1 @ a o
eJ'iW\‘lﬂ VIYLBI LS ﬂ’E)TGb'ﬂ AUNITNNT UAL gNBANA ATAUN. 2551 MTAIUANINIUADN
< o o a a
HUVUMUURANTUAA WA, U. 218-226. Z‘Ll ﬂ1§ﬂ§$‘§ﬂ]‘ﬁ1ﬂ1§?ﬁ?iﬁﬂﬂﬁ1

1 a :’1 d’ ~ J A o =
UHI¥IA ATIN 13. Tiﬁuilﬁ]ﬂm‘ﬂﬂu “]JWﬁlI VY WNE, ¥a13.

AnTo AUD1IT. 2546, AENTALAZNGANTTHAUANNTO UV UV UABUNIAUADA.
a a J a J
IeUNUsUT In, ¥HINuNEATAEAS.

Aa £ v 1 Y 1 Q=R v Y a do
gNEANA ATauW. 2552, MINBATNFIUTINIMTUU IMa nsdiAnIMInoad 19AdIa
g, Y. 193-215. T MIFuIIMeINMsuazMuanlinssamsses
Arnssuilgiinazgiunn’ 52, aazoynITUMIAINIAINT TV IAINTTUAD U

uratlszmane Tunszususigpldus.

124



a2 Jd t4 o < I v d‘ ' o Y (%
q3an o1l 2541. madraesgruninuwnuma b dusuilnedaldnazsesSulag

a a 4 a v v A
a1f33. MmetinusTyanIn, unInedesade.

Aufmuth, R.E. 1973. A systematic determination of engineering criteria for rocks. Bulletin of

the Association of Engineering Geologists 11: 235-245.

Aydin, A. and A. Basu. 2005. The Schmidt hammer in rock material characterization.

Engineering Geology 81: 1-14.

ATC. 1996. Seismic Evaluation and Retrofit of Concrete Building. Report ATC-40.

Applied Technology Council, Redwood City, CA.

125

ASTM. 2004a. Annual Book of ASTM Standard, Vol. 4.08 Soil and Rock. American Society

for Testing and Materials, Philadelphia, PA.

. 2004b. Annual Book of ASTM Standard, Vol. 4.09 Soil and Rock. American

Society for Testing and Materials, Philadelphia, PA.

Bieniawski, Z.T. 1978. Determining Rock Mass Deformability - Experiences from case
Histories. International Journal. Rock Mechanics and Mineral. Sci & Geomech:

237-247.

Bieniawski, Z.T. 1984. Rock Mechanics Design in Mining and Tunnelling. Balkema,

Rotterdam.

Barton, N. 1983. Application of Q-System and Index Tests to Estimate Shear Strength and
Deformability of Rock Masses, pp. [151-1170. In Proceedings, International
Symposium on Engineering Geology and Underground Construction. Laboratories

National de Engenharia Civil, Lisbon Portugal, New York.



126

Barton, N., F. Loset, R. Lien and J. Lunde. 1980. Application of the Q-system in design

decisions. Subsurface Space 2: 553-561.

Bell. 1915. The Lateral Pressure and Resistance of Clay and the Supporting Power of Clay

Foundation. A century of soil Mechanics, ICE, London.

Beverly, B.E., D.A. Schoenwolf and G.S. Brierly. 1979. Correlations of rock index values

with engineering properties and the classification of intact rock. n.p.

Biot, A. S. 1937. Bending of an infinite beam on an elastic foundation. Journal of Applied

Mechanics 59: A1-A7.

Boussinesq, J. 1885. Application des Potentials a L’Etude de L’Equilibre et due

Mouvement des Solides Elastiques. Gauthier-Villars.

Boresi, P., J.S. Richard and M.S. Omar. 1993. Advanced Mechanics of Materials. John Wiley

and Sons, NewYork.

Bowles, J.LE. 1988. Foundation Analysis and Design. 4" ed. McGraw-Hill, New York.

Caquot, A. and J. Kerisel. 1948. Tables for the calculation of passive pressure, active

pressure and bearing capacity of foundations. Gautier-Villars, Paris, France.

Cater, J.P. and F.H. Kulhawy. 1988. Analysis and design of drilled shaft foundation socketed

into rock. Final Report, Project 1493-4, EPRI EL-5918, Cornell University, Ithica, NY.

Deere, D. U., A. Jr. Hendron, F.D. Datton and E. J. Cording. 1967. Design of Surface and Near
Surface Construction in Rock, pp. 237-302. In Proceeding of the 8" Symposium of
Rock Mechanics. American Institute of Mining, Metallurgical and Petroleum

Engineers, New York.



127

Deere, D. U., A. H. Merritt and R. F. Coon. 1969. Engineering Classification of In-Situ Rock.
Technical Report No. AFWL-67-144. Air Force Systems Command, Kirtland Air

Force Base, New Mexico. 280 pp.

and R.P. Miller. 1966. Engineering classification and index properties for intact rocks.

Tech Report. No. AFNL-TR. Air Force Weapons Lab., New Mexico. 65-116 pp.

Irfan T.Y., W.R. Dearman. 1978. Engineer classification and index properties of a weathered

granite. Bulletin of the International Association of Engineering Geology 17: 79-90.

Desai, C.S. and J.T. Christian. 1977. Numerical Methods in Geotechnical Engineering.

McGraw-Hill Book, New York.

Doyle, J. M. 1991. Static and Dynamic Analysis of Structures with An Emphasis on

Mechanics and Computer Matrix Methods. Kluwer Academic Publishers. 448 pp.

FEMA. 1997. NEHRP guidelines for the seismic rehabilitation of building. FEMA 273.
Prepared by the Building Seismic Safety Council for the Federal Emergency

Management Agency. Washington, D.C.

Gazatas, G. 1991. Foundation vibration, in Foundation Engineering Handbook. 2" ed.

H-Y Fang editor, Van Nostrand Reinhold.

Goble, G.G., Rausche, F., and Likins, G. 1980. The analysis of pile driving - A state - of - the -
art, pp. 131-161. In Proceedings of the First International Conference on the

Application of Stress. Wave Theory on Piles.

Hansan, K.D. and W.G. Reinhardt. 1991. Reoller-Compacted Concrete Dams, McGraw-Hill

Inc., New York.



128

Hetenyi, M. 1946. Beam on Elastic Foundation. University of Michigan Press. Ann Arbor.

Mich.

Holmberg, S. 1978. Bridge Approach on Soft Clay Support by Embankment Piles. Journal of

Geotechnical Engineering 10: 77-89.

. 1980. Pile Foundation Analysis and Design. John Wiley, Canada.

Hoek, E. and E.T. Brown. 1988. The hoek-brown failure criterion—a 1988 update, pp. 3-13. In

Proceedings, 15" Canadian Rock Mechanics Symposium. Toronto, Canada.

. 1989. A limit equilibrium analysis of surface crown pillar stability. Proc. Int. Conf.

Surface Crown Pillar Evaluation for Active and Abandoned Metal Mines, Timmins.

. 1994. Strength of rock and rock masses. ISRM New J. 2 (2): 4-16.

Hovarth, R.G., T.C. Kenney and P. Kozicki. 1983. Methods of improving the performance of

drilled piers in weak rock. Canadian Geotechnical Journal 20 (4): 525-535.

Horvath, J.S. 2002. Basic SSI Concepts and Applications Overview. Research Report No.

CGT-2002-2, Manhattan College, School of Engineering, New York.

.and R.J. Colasanti. 2011. Practical subgrade model for improved soil-structure

interaction analysis: model development. Intl. J. Geomechanics 11 (1): 59-64.

Hannigan, P. and S. Webster. 1987. Comparison of static load test and dynamic pile test results,
pp. 335-357. In Proceedings of the 2" Int. Symposium. Deep Foundation Institute,

ASTM STP 670, American Society for Testing and Materials.



129

ISRM. 1978. Suggested methods for determining hardness and abrasiveness of rocks.
International Journal of Rock Mechanics and Mining Sciences, Geomechanics Abstract

15: 89-97.

Janbu, N. 1963. Soil Compressibility as Determine by Oedometer and Triaxial Test, pp. 19-25.
In Proceeding g¥ European Conference on Soil Mechanics and Foundation

Engineering Wiesbaden , Germany, Vol. 1.

Janbu, N. 1965. Consolidation of Clay Layer Base on Non-Linear Stress-Strain, pp 87-88. In
Proceeding 6" International Conference on Soil Mechanics and Foundation

Engineering Montreal.

Janbu, N. 1967. Settlement Calculation Base on the Tangent Modulus Concept. Three Guase
Lecture at Moscow State University. Bulletin No.2 of the Soil Mechanics and
Foundation Engineering Division at the Norwegian Institute of Technology.

Trondheim: 1-57.

Joe, L.H. 1987. Engineering properties of Hua Hin Gneiss. Thesis Master Engineering, Asian

Institute of Technology, Bangkok, Thailand.

Ladanyi, B. and Roy, A. 1971. Some aspects of bearing capacity of rock mass, pp 160-190. In

Proceedings 7" Canadian Symposium on Rock Mechanics. Edmonton.

Long, J.H., S.M. Olson, T.D. Stark and B.A. Samara. 2003. Differentail Movement at
Embankment Bridge Structure Interface in Illinois. Jounal of Transportation Research

Record 1633: 53-60.

Katz, O., Z. Reches and J.-C. Roegiers. 2000. Evaluation of mechanical rock properties using a
schmidt hammer. International Journal of Rock Mechanics and Mining Sciences 37:

723-728.



130

Kerr, A.D. 1985. Application of Pastemak Model to Some Soil-Structure Interaction
Problems : Vol. 1 Solution for Plates Continuously Supported on a Pasternak Base.
Technical Report K-85-1, U.S. Army Engineer Waterways Experiment Station,

Vicksburg, MS.

Khazanovich L., O. 1. Selezneva, T. Yu H. and M. 1. Darter. 2001. Development of Rapid

Solutions for Prediction of Critical Continuously Reinforced Concrete Pavement

Stresses. Transportation Research Record 1778, Washington D.C.

Kloeppel, K. and D. Glock. 1970. Theoretische and experimentelle untersuchugen zu den

traglastproblemen biegeweiger, in die erde eingbetteten rohre, Publication No. 10,

Institut fur Static and Stahlbau,T. H. Darmstadt, Germany.

Koegler, D.P. and Scheidig, A. 1938. Baugrund und Bauwerk. W. Ernst und Sohn, Berlin.

Kulhawy, F.H. and W.A. Prakoso. 2001. Foundations in carbonate rocks and Karst.

Foundations and Ground Inprovement (GSP113). Brandon Reston, ASCE.

Kulhawy, F.H. and W.A. Prakoso. 2003. Variability of rocks index properties. Proceeding of

Soil and Rock America. n.p.

Lama, R.D. and V.S. Vutukuri. 1978a. Handbook on the mechanical properties of rock.

Vol.1, Trans Tech Publications, Claustal, Germany.

. and . 1978b. Handbook on the mechanical properties of rock. Vol.2, Trans

Tech Publications, Claustal, Germany.

Lay, KM.M. 1999. Engineering properties of rocks of Mae Khan Dam, Chiang Mai

Province, Thailand. Thesis Master Engineering, Asian Institute of Technology.



131

Meyerhof, G. G. and L.D. Baike. 1963. Strength of steel culvert sheets bearing against

compacted sand backfill. Highway Research Record No. 30: 1-19.

0o, K.W. 1999. Engineering properties of rocks of Kwae Noi Dam, Pisanuloke, Thailand.

Thesis Master Engineering, Asian Institute of Technology.

Pimpasugdi. S. 1989. Performance of Bored Driven and Auger Press Piles in Bangkok

Subsoil. M.Eng. Thesis, Asian Institute of Technology.

Poulos, H.G. and Davis. 1974. Elastic Solutions for Soil and Rock Mechanics. New York:

John Wiley.

Prakoso, W.A. and F.H. Kulhawy. 2004. Variable of rock mass engineering properties. pp. 97-

100. In Proceeding of 15" South-East Asian Geotechnical Conference, Bangkok,

Randolph. M. F. 1983. Ground Engineering. n.p.

Sachapazis, C.I. 1990. Correlating Schmidt hardness with compressive strength and young’s

modulus of carbonate rock. Bull. Int. Assoc. Eng.Geol. 42: 75-83.

Schleicher. 1926. Der Spannungzustand der Fliessgrenze. ZAMM 6: 199-216.

Setiadji, B.H. and Fwa, T.F. 2009. Examining k-E Relationship of Pavement Subgrade Based
On Load-Deflection Consideration. Journal of Transportation Engineering. 135 (3):

140-148.

Serafim, J.L. and J.P. Pereira. 1983. Considerations of the geomechanics classification of
Bieniawski, pp. 1133-1144. In Proceeding of International Symposium of

Engineering Geology and Underground Construction. Lisbon.



Selvadurai A. P. S. 1979. Elastic Analysis of Soil Foundation Interaction. Elsevier Scientific

Publishing Company.

Sowers, G. B. and G. F. Sowers. 1970. Introductory Soil Mechanics and Foundation. 3" ed.

Macmillan, New York.

Sirikaw, U. 1994. Rock mechanic at the Lam Ta Khong pumped storage project. Thesis Master

Engineering, Asian Institute of Technology.

Terzaghi. 1943. Theoretical Soil Mechanics. John Wiley, New York.

Tomlinson. 1994. Pile Design and Construction Practice. 4" ed. E&FN Spon, London.

Ullidtz, P. 1987. Pavement Analysis. Elsevier, Amsterdam.

U.S. Department of the Navy. 1982. Soil Mechanics. NAVFACDM7.1, U.S. Government

Printing Office, Washington, D.C.

U.S. Army Corps of Engineers. 1994. Rock Foundations. EM 1110-1-2908.

Vesic, A.S. and E.E. D.E. Beer. 1958. Etude experimentale de la capacite portante du sable
sous des foundations directes etablies en surface. Annales des Travaux Publics de

Belqgique, Vol. 59.

. 1961. Bending of beam resting on isotropic elastic solids. Journal of Soil Mechanics

and Foundation Engineering 87 (2): 35-53.

and K. Saxena. 1974. Analysis of Structural Behavior of AASHO Road Test Rigid

Pavements. NCHRP Report No. 97, Highway Research Board, Washington D.C.

132



133

Winkler E. 1867. Die lehre von elasticitat und festigkeit, (H. Dominic us). Prague 182-184.

Winterkorn, H.F. and H. Fang. 1975. Foundation Engineering Handbook. Van Nostrand
Reinhold Co., New York.

Wyllie, D.C. 1999. Foundation on rock. 2" ed. E&FN Spon, New York,

Xu, S., P. Grasso and A. Mahtab. 1990. Use of schmidt hammer for estimating mechanical
properties of weak rock, pp. 511-519. In Proceeding 6" International IAEG Congress,

Vol.1. Balkema, Rotterdam.

Yilmaz, I. and H. Sendir. 2002. Correlation of schmidt hardness with unconfined compressive

strength and young’s modulus in gypsum from Sivas (Turkey). Engineering Geological

66: 211-219.

Zan, T.S. 2001. Engineering geology and rock mechanic at Ma Dua Dam (90 m High Dam),

Nakhon Nayok, Thailand. Thesis Master Engineering, Asian Institute of Technology.

Zhaohua, F. and Cook, R.D. 1983. Beam Elements on Two-Parameter Elastic Foundations.

Journal of Engineering Mechanics, ASCE. 109 (6): 1390-1402.

Zhang, L. and H.H. Einstein. 2000. Estimating the intensity of rock discontinuities.

International Journal of Rock Mechanics and Mining Sciences 37 (5): 819-837.



134

MANHIN



135

MANHIN D

namsnadovluesliamsuaz Tuauw



v v a wa
ﬂ]ii3‘]Ji'J3Jﬂlﬂﬁq{ﬁﬂ1§ﬂﬂﬁﬂiﬂuﬁﬂﬁﬂ§]ﬂﬂﬂ1‘§

AS1NUINA N1 FAINISNATOU Uniaxial Compressive Test a2 Stiffness factor

NUIBITU Depth/N Y, E L-Strain Deta, A Load Stiffness Dia. Length Stress
191281599 ksc mm. ton k, t/mm cm cm. ksc

EGAT-5-1 0-1/6.1 360 0.0338 11.766 347.706 4.70 9.40 678.20

0-1/6.2 315 0.0295 10.279 348.637 4.68 9.36 597.56

0-1/3 300 0.0284 9.784 344.878 4.73 9.45 557.25

1-2/6 340 0.0321 11.105 346.006 4.72 9.44 634.69

1-2/3.1 275 0.0260 8.957 345.043 4.72 9.44 511.92

1-2/3.2 300 0.0283 9.784 345.463 4.72 9.44 559.14

2-3/1.1 230 0.0218 7.470 343.329 4.73 9.46 425.13

2-3/1.2 310 0.0293 10.114 344.881 4.73 9.46 575.59

0-1/7 0.21 413,000 300 0.0283 9.784 345.463 4.72 9.44 559.14

1-2/3 0.14 576,000 400 0.0380 13.088 344.429 4.75 9.5 738.59

2-3/3 0.24 309,500 350 0.0331 11.436 345.391 4.73 9.46 650.82
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N8 Depth/N \Y% E L-Strain Deta, A Load Stiffness Dia. Length Stress
01281599 ksc mm. ton k, t/mm cm cm. ksc
EGAT-3-2 9-10/1 370 0.0348 12.097 347.811 4.70 9.40 697.25

9-10/4 315 0.0298 10.279 344.952 4.73 9.46 584.99

10-11/3 300 0.0284 9.784 344.005 4.74 9.48 554.43

10-11/4 315 0.0298 10.279 344.952 4.73 9.46 584.99

EGAT-1-3 1-2/1 275 0.0284 8.957 315.620 5.16 10.32 428.34
1-2/2 380 0.0388 12.427 320.623 5.10 10.20 608.34

2-3/2.2 265 0.0275 8.627 314.229 5.18 10.36 409.36

2-3/2.1 335 0.0348 10.940 314.012 5.20 10.40 515.14

3-4/1.1 305 0.0285 9.949 349.238 4.67 9.34 580.82

3-4/1.2 240 0.0225 7.801 347.250 4.68 9.36 453.47
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N8 Depth/N \Y% E L-Strain Deta, A Load Stiffness Dia. Length Stress
01281599 ksc mm. ton k, t/mm cm cm. ksc
EGAT-4 8-9 0.20 696,000 340 0.0318 11.105 348.964 4.68 9.36 645.59

9-10 0.20 652,100 345 0.0325 11.271 346.800 4.71 9.42 646.87

10-11 0.19 685,900 320 0.0301 10.444 346.486 4.71 9.42 599.45

EGAT-2-3 4-5/4.1 165 0.0154 5.322 346.081 4.66 9.32 312.04
4-5/4.2 190 0.0178 6.148 345.717 4.68 9.36 357.41

4-5/4.3 310 0.0297 10.114 340.561 4.79 9.58 561.26

5-6/1.1 245 0.0229 7.966 347.369 4.68 9.36 463.08

5-6/1.2 170 0.0160 5.487 342.655 4.71 9.42 314.94

6-7/1.2 275 0.0261 8.957 343.587 4.74 9.48 507.61

6-7/2.0 275 0.0259 8.957 346.511 4.70 9.4 516.29
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QUL Depth (m) RQD % Description

B1 15.0-16.0 86 Good Rock
16.0 - 17.0 95 Very Good Rock
17.0 - 18.0 97 Very Good Rock

B2 17.0-18.0 66 Fair Rock
18.0-19.0 85 Good Rock
19.0-20.0 94 Very Good Rock
20.0-21.0 38 Poor Rock

B3 10.0-11.0 46 Poor Rock
11.0-12.0 43 Poor Rock
12.0 - 13.0 49 Poor Rock
13.0- 14.0 20 Very Poor Rock

B4 5.0-6.0 64 Fair Rock

7.0-8.0 58 Fair Rock

11.0-12.0 74 Fair Rock
12.0-13.0 83 Good Rock
13.0-14.0 62 Fair Rock

C1 18.0-19.0 25 Poor Rock
19.0-20.0 23 Very Poor Rock
20.0 - 21.0 67 Fair Rock
21.0-22.0 94 Very Good Rock
22.0-23.0 54 Fair Rock
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AW Depth (m) RQD % Description
C2 23.0-24.0 24 Very Poor Rock
24.0-25.0 28 Poor Rock
25.0-26.0 72 Fair Rock
26.0-27.0 55 Fair Rock
27.0 - 28.0 22 Very Poor Rock
msnwmnﬁ N3 RMR CLASSIFICATION
Class Description of Rock Mass RMR Rating
I Very good rock 81-100
II Good rock 61-80
I Fair rock 41 - 60
v Poor rock 21-40
A" Very poor rock <20

MINHUING 14 a3UAIRMR CLASSIFICATION Y03LA0sHQuIag

PARAMETER BH1 BH2 BH3 BH4 BH5S Bl B2 B3 B4 Cl1 C(C2
Strength of Intact 7 7 2 4 7
Rock
RQD 13 13 8 8 17
Spacing of Joints 20 20 20 20 20
Condition of 20 20 12 12 20
Joints
Ground Water 7 7 7 7 7
Summary 67 67 49 51 71
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V-5
No. Rebound 1 E, Gpa. ? E, Gpa. Description Remark

1 42 12.926 18.830 Coarse Grain

2 51 22.181 35.840 Coarse Grain

3 63 45.569 58.520 Coarse Grain

4 66 54.556 64.190 Coarse Grain

5 52 23.552 37.730 Coarse Grain Pijﬁﬂﬁ}fJﬂ
6 66 54.556 64.190 Coarse Grain

7 63 45.569 58.520 Fine Grain

8 69 65.315 69.860 Coarse Grain

9 66 54.556 64.190 Coarse Grain

10 70 69.354 71.750 Xenolith

11 59 35.846 50.960 Coarse Grain ATITDULUAN
12 66 54.556 64.190 Coarse Grain

13 64 48.386 60.410 Coarse Grain

14 68 61.511 67.970 Coarse Grain

15 65 51.379 62.300 Xenolith

16 70 69.354 71.750 Pegmatite veins

17 65 51.379 62.300 Coarse Grain

18 68 61.511 67.970 Coarse Grain

19 59 35.846 50.960 Coarse Grain
20 59 35.846 50.960 Coarse Grain
21 66 54.556 64.190 Coarse Grain
22 66 54.556 64.190 Coarse Grain
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V-5
No. Rebound 1 E, Gpa. ? E, Gpa. Description Remark
23 66 54.556 64.190 Fine Grain Brown
24 62 42915 56.630 Coarse Grain
25 54 26.555 41.510 Coarse Grain
Average = 47.475 57.764

HUELYiR IE[ =1.04 exp (0.06R,) Dearman and Irfan (1978)
"E,=1.89R, - 60.55  Aydin and Basu (2005)
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ATIHUINT V1 A1 Spring Stiftness 31NN1TNATOU Static Piles Load Test
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No. GridLine Embeded Lastten blows Permanent Test Static k (static)

(cm.) Set (cm) & Dynamic t/mm.
1 G18/1 20.70 2.0 2.0 No 90.40
2 F7/5 16.65 0.9 0.9 Yes 64.60
3 K7/3 16.20 1.7 g Yes 68.09
4 K12/5 10.30 1.4 1.4 Yes 74.65
5 El6/1 23.40 2.5 2.5 No 59.26
6 F17/3 17.40 2.1 2.1 No 56.27
7 K11/8 8.00 2.0 2.0 Yes 50.79

8 G16/4 7.20 24 2.4 Yes 41.74
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MTHRUIND V2 M Spring Stifthees 9MNNITNATOU Dynamic piles load test

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
1 C- 5 1 20.85 50.5 5.5 5.5
2 C- 6 1 12.60 36.4 S, 2.5
3 C- 7 2 10.20 31.5 2.4 2.4
4 C- 10 9, 19.00 48.8 3.0 3.0
5 C- 11 1 22.62 34.6 5.2 5.2
6 C- 12 2 24.00 50.7 3.0 3.0
7 C- 13 2 23.28 40.2 2.8 2.8
8 (C™ 16 2 22.80 45.5 5.0 5.0
9 C- 17 1 22.05 28.9 3.0 3.0
10 C- 18 1 23.10 46.2 6.2 6.2
11 D- 4 1 14.10 36.6 2.4 2.4
12 D- 19 1 14.40 29.6 1.5 1.5
13 E- 3 1 14.40 52.2 5.0 5.0
14 B 3 2 16.20 53.2 2.3 2.3
15 E - 5 1 13.20 44.2 2.0 2.0
16 E - 6 4 11.50 41.6 2.5 2.5
17 E - 7 2 8.45 57.7 34 34
18 E- 10 2 11.90 71.1 1.8 1.8
19 E - 10 4 15.60 61.0 245 2.5
20 E - 11 1 15.30 45.8 2.9 2.9
21 E - 11 2 18.60 43.8 3.2 3.2
22 E - 11 3 18.45 61.1 2.9 2.9
23 E- 11 4 14.80 42.3 4.0 4.0
24 E - 12 1 22.20 42.1 3.0 3.0
25 E- 12 2 16.65 43.4 1.2 1.2

26 E- 12 3 24.90 66.1 3.5 3.5
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
27 E- 12 4 22.50 54.1 3.1 3.1
28 E- 13 1 20.70 33.7 3.0 3.0
29 E- 13 2 22.35 51.5 2.8 2.8
30 E- 13 3 21.75 31.5 2.8 2.8
31 E- 13 4 21.90 47.7 1.7 1.7
32 E- 16 4 20.20 59.4 4.5 4.5
33 E- 17 1 18.10 38.4 3.0 3.0
34 Ei- 18 4 18.00 52.3 2.9 2.9
35 E- 20 1 15.15 41.1 2.2 2.2
36 F- 3 2 16.80 58.8 282 2.2
37 F- 5 4 13.80 35.8 3.5 3.5
38 F- 6 4 13.20 70.0 2.5 2.5
39 F- 6 6 14.40 63.2 2.4 2.4
40 F - 7 3 14.40 55.6 2.5 2.5
41 F - 7 5) 16.65 62.9 0.9 0.9
42 F - 10 3 15.60 40.0 2.8 2.8
43 F - 10 4 15.60 55.1 3.2 3.2
44 F - 10 5 15.00 57.3 2.1 2.1
45 F- 11 3 16.50 36.7 285 2.5
46 F - 11 4 19.05 37.1 2.8 2.8
47 F- 12 3 20.70 423 2.8 2.8
48 F- 12 5 18.45 43.1 2.8 2.8
49 F- 13 3 15.00 51.7 2.0 2.0
50 F- 13 5 12.00 37.8 1.8 1.8
51 F- 16 2 10.50 51.1 1.0 1.0

52 F- 16 4 14.10 73.6 3.0 3.0
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
53 F- 16 5 11.10 37.1 2.8 2.8
54 F- 16 6 10.95 64.9 2.3 23
55 F- 17 1 18.75 49.5 2.7 2.7
56 F- 17 6 18.95 41.6 3.2 3.2
57 F- 18 3 23.40 60.6 3.0 3.0
58 F- 20 2 23.10 56.4 32 3.2
59 G- 3 2 11.70 57.1 1.5 1.5
60 G- 3 4 9.50 52.6 1.3 1.3
61 G- 6 1 9.45 56.4 2.6 2.6
62 G- 6 2 10.15 67.5 1.4 1.4
63 G- 6 3 10.05 52.7 2.1 2.1
64 G- 6 4 9.90 60.8 1.6 1.6
65 G- 6 5 9.90 54.7 1.7 1.7
66 G- 6 6 11.40 74.4 0.7 0.7
67 G- 7 2 12.30 52.4 1.3 1.3
68 G- 7 6 13.20 53.9 1.5 1.5
69 G- 10 1 14.30 51.8 2.0 2.0
70 G- 10 4 15.48 54.1 2.7 2.7
71 G- 11 2 11.20 57.7 1.6 1.6
72 G- 11 5 13.80 45.8 1.8 1.8
73 G- 12 5 15.90 44.3 2.4 2.4
74 G- 12 6 16.50 53.2 2.4 2.4
75 G- 13 2 7.65 70.6 1.8 1.8
76 G- 13 4 10.85 52.7 2.2 2.2
77 G- 16 2 7.10 334 1.8 1.8

78 G- 16 4 7.20 61.7 2.4 2.4
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
79 G- 16 5 8.90 54.3 1.7 1.7
80 G- 16 6 6.80 48.7 1.5 1.5
81 G- 17 3 15.30 50.0 1.8 1.8
82 G- 17 4 19.35 59.8 2.5 2.5
83 G- 18 2 18.30 51.3 2.5 2.5
84 G- 20 2 15.60 58.4 2.4 2.4
85 K- 3 2 15.90 53.7 2.1 2.1
86 K- 3 1 12.30 82.0 1.8 1.8
87 K- 6 1 13.20 62.6 1.4 1.4
88 K- 6 2 13.80 59.1 1.3 1.3
89 K- 6 3 11.55 75.1 1.3 1.3
90 K- 6 4 13.75 51.9 1.1 1.1
91 K- 6 5 12.80 75.7 2.4 2.4
92 K- 6 6 12.90 66.6 1.4 1.4
93 K- 7 2 15.10 PR3 3.5 3.5
94 K- 7 3 16.20 68.9 1.7 1.7
95 K- 10 1 9.60 66.8 2.1 2.1
96 K- 10 5 10.70 54.0 1.9 1.9
97 K- 11 1 5.90 35.9 1.6 1.6
98 K- 11 2 6.80 56.3 1.6 1.6
99 K- 11 3 6.50 41.3 1.2 1.2
100 K- 11 4 8.95 38.5 1.8 1.8
101 K- 11 5 7.40 26.7 1.9 1.9
102 K- 11 6 5.25 67.7 1.6 1.6
103 K- 11 7 10.10 60.0 1.6 1.6

104 K- 11 8 8.00 44.5 2.0 2.0
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
105 K- 11 9 9.15 57.2 2.0 2.0
106 K- 11 10 10.00 51.0 1.7 1.7
107 K- 11 11 9.90 36.8 1.8 1.8
108 K- 11 12 9.35 40.0 1.9 1.9
109 K- 11 Al 6.10 32.5 33 33
110 K- 11 A2 5.95 37.4 3.0 3.0
111 K- 11 A3 5.80 36.0 3.0 3.0
112 K- 11 A4 6.00 69.5 33 33
113 K- 12 3 10.50 47.2 1.6 1.6
114 K- 12 5 10.20 56.1 1.4 1.4
115 K- 12 8 10.50 50.3 1.6 1.6
116 K- 125 12 9.80 36.7 1.8 1.8
117 K- 13 1 12.50 50.9 4.5 4.5
118 K- 13 4 13.10 52.2 5.8 5.8
119 K- 16 3 12.60 38.9 1.5 1.5
120 K- 16 6 12.50 88.7 1.8 1.8
121 K- 16 Al 11.00 47.4 34 34
122 K- 16 A2 7.00 42.3 2.8 2.8
123 K- 17 3 16.35 37.0 1.5 1.5
124 K- 17 6 11.25 82.0 2.0 2.0
125 K- 18 2 12.60 89.8 2.4 2.4
126 K- 20 1 13.95 58.9 2.5 2.5
127 K- 20 2 9.00 28.4 2.2 2.2
128 K- 20 3 11.70 322 3.0 3.0
129 K- 20 4 4.60 75.0 2.5 2.5

130 L- 3 1 10.70 56.1 2.8 2.8
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
131 L- 5 2 8.30 67.0 2.8 2.8
132 L- 6 1 7.95 58.8 1.5 1.5
133 L- 6 5 6.75 45.1 1.5 1.5
134 L- 6 Al 7.40 44.0 1.6 1.6
135 L- 6 A2 8.30 43.4 1.3 1.3
136 L- 7 2 5.45 44.2 1.6 1.6
137 L- 7 3 6.80 54.3 1.8 1.8
1383 L- 12 1 9.80 37.7 2.0 2.0
139 L- 13 1 7.10 77.1 1.5 1.5
140 L- 13 2 6.90 83.4 1.2 1.2
141 L- 13 3 9.60 441 1.5 1.5
142 L- 13 4 6.00 58.0 2.5 2.5
143  L- 13 5 9.35 38.5 1.8 1.8
144 L- 13 7 6.60 73.2 1.7 1.7
145 L- 13 8 3.90 15.3 1.8 1.8
146 L- 13 9 11.40 62.4 1.9 1.9
147 L- 13 10 6.50 22.1 53 53
148 L- 13 11 11.20 59.9 1.5 1.5
1499 L- 13 12 10.10 91.5 1.8 1.8
150 L- 13 Al 6.30 41.4 3.2 3.2
151 L- 13 A2 4.40 31.7 3.0 3.0
152 L- 13 A3 8.90 35.6 33 33
153 L- 13 A4 5.80 48.7 34 34
154 L- 16 1 8.75 47.0 2.0 2.0
155 L- 16 3 10.10 72.5 1.5 1.5

156 L- 17 2 8.90 50.8 1.5 1.5
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
157 L- 17 3 9.50 64.7 1.2 1.2
158 L- 18 2 10.75 70.1 1.7 1.7
159 L- 20 1 7.50 31.6 3.0 3.0
160 L- 20 9, 4.30 31.9 3.0 3.0
161 L- 20 3 4.50 28.8 32 3.2
162 L- 20 4 5.00 64.5 2.0 2.0
163 M- 3 1 6.50 62.3 0.8 0.8
164 M- 3 1 10.10 70.5 3.7 3.7
165 M- 5 3 10.10 86.5 2.5 2.5
166 M- 7 4 6.65 48.3 L.5 1.5
167 M- 7 6 5.40 373 L.5 1.5
168 M- 125 1 7.25 65.3 1.7 1.7
169 M- 19, 4 10.60 57.4 1.7 1.7
170 M- 16 2 7.85 54.5 0.9 0.9
171 M- 16 6 DS 51.4 1.8 1.8
172 M- 17 2 8.45 53.0 1.1 1.1
173 M- 17 3 8.00 75.3 1.0 1.0
174 M- 18 2 10.30 69.8 0.6 0.6
175 M- 20 2 5.60 44.7 0.8 0.8
176 N - 3 1 8.30 54.4 0.5 0.5
177 N- 16 1 3.50 26.8 1.0 1.0
178 N- 16 2 7.25 27.2 1.0 1.0
179 N- 16 3 9.50 60.4 0.9 0.9
180 N- 16 4 5.45 52.2 0.7 0.7
181 N- 16 5 9.15 62.0 1.0 1.0

182 N- 16 6 7.90 80.1 1.0 1.0
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MSHUINA V2 (AD)

No. Line pile Length  kat 120(+,- 10) last 10 blows Permanent Set
(ton/mm) (cm) (mm)
183 N- 16 Al 6.90 514 2.8 2.8
184 N- 17 4 9.50 61.0 2.0 2.0
185 N- 18 4 9.00 56.1 1.0 1.0
186 N- 20 1 8.75 534 0.5 0.5
187 R- 3 2 8.90 62.1 1.8 1.8
188 R- 17 1 8.50 43.4 0.9 0.9
189 R- 17 2 8.75 44.0 0.9 0.9
190 R- 17 4 8.75 50.1 0.8 0.8
191 R - 18 2 7.10 93.2 0.7 0.7
192 R- 20 1 10.10 50.7 0.3 0.3
193 S - 18 2 7.25 102.3 1.0 1.0
194 S - 20 1 6.35 87.2 0.5 0.5
195 S - 20 2 6.30 84.2 0.7 0.7
196 T- 18 2 8.00 58.9 1.0 1.0
197 T- 20 1 8.30 47.8 0.5 0.5
198 U- 19 1 4.50 52.7 0.4 0.4
199 V- 18 1 8.00 48.5 1.2 1.2

200 V- 18 2 10.10 30.9 2.0 2.0
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Grid

line

k. (Selvadurai),

t/m

k (Meyerhoft &

Baike), t/m

k, (Kloepple &

Glock), t/m

k. (Biot), t/m

N-10
N-11.1
R-5
R-6
R-7
R-10
R-11
R-12
R-13
S-3
S-5
S-6
S-7
S-10
S-11
S-12
S-13

T-5

T-6

T-10
T-11
T-12

T-13

18,612,208.33
53,510,098.96
11,632,630.21
15,510,173.61
18,612,208.33
18,612,208.33
18,612,208.33
18,612,208.33
18,612,208.33
11,632,630.21
11,632,630.21
15,510,173.61
15,510,173.61
15,510,173.61
15,510,173.61
15,510,173.61
15,510,173.61
11,632,630.21
11,632,630.21
11,632,630.21
11,632,630.21
11,632,630.21
11,632,630.21
11,632,630.21

11,632,630.21

28,634,166.67
82,323,229.17
17,896,354.17
23,861,805.56
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67
17,896,354.17
17,896,354.17
23,861,805.56
23,861,805.56
23,861,805.56
23,861,805.56
23,861,805.56
23,861,805.56
17,896,354.17
17,896,354.17
17,896,354.17
17,896,354.17
17,896,354.17
17,896,354.17
17,896,354.17

17,896,354.17

45,814,666.67
131,717,166.67
28,634,166.67
38,178,888.89
45,814,666.67
45,814,666.67
45,814,666.67
45,814,666.67
45,814,666.67
28,634,166.67
28,634,166.67
38,178,888.89
38,178,888.89
38,178,888.89
38,178,888.89
38,178,888.89
38,178,888.89
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67
28,634,166.67

28,634,166.67

56,177,559.68
156,599,181.88
35,367,558.00
51,763,539.11
49,621,682.91
49,621,682.91
49,621,682.91
49,621,682.91
49,621,682.91
28,253,441.49
35,367,558.00
51,763,539.11
51,763,539.11
51,763,539.11
51,763,539.11
51,763,539.11
51,763,539.11
28,253,441.49
35,367,558.00
35,367,558.00
35,367,558.00
35,367,558.00
35,367,558.00
35,367,558.00

35,367,558.00
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Grid k. (Selvadurai), k (Meyerhoft & k, (Kloepple & k. (Biot), t/m
line t/m Baike), t/m Glock), t/m
U-4 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-5 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-6 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-7 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-10 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-11 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-12 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
V-13 11,632,630.21 17,896,354.17 28,634,166.67 28,253,441.49
W-8 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W-9 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W-14 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W-15 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
WI1-7 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W1-10 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W1-13 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
Wil-16 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W2-7 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W2-10 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W2-13 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
W2-16 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
X-8 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
X-9 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
X-14 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
X-15 5,428,560.76 8,351,631.94 13,362,611.11 12,893,477.08
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Grid k, (Kogler &

line Scheidig), t/m

k (Vesic), t/m

k (Vesic & Saxena),

t/m

k. (Ullidtz), t/m

N-10 105,751,481.47

N-11.1  282,444,854.86
R-5 67,265,615.51
R-6 112,992,871.03
R-7 79,315,910.88
R-10 79,315,910.88
R-11 79,315,910.88
R-12 79,315,910.88
R-13 79,315,910.88
S-3 40,553,625.36
S-5 67,265,615.51
S-6 112,992,871.03
S-7 112,992,871.03

S-10 112,992,871.03
S-11 112,992,871.03
S-12 112,992,871.03
S-13 112,992,871.03

T-3 40,553,625.36
T-5 67,265,615.51
T-6 67,265,615.51
T-7 67,265,615.51
T-10 67,265,615.51
T-11 67,265,615.51
T-12 67,265,615.51

T-13 67,265,615.51

32,459,447.41
91,123,585.49
20,401,452.98
29,230,383.92
29,495,670.07
29,495,670.07
29,495,670.07
29,495,670.07
29,495,670.07
17,155,508.68
20,401,452.98
29,230,383.92
29,230,383.92
29,230,383.92
29,230,383.92
29,230,383.92
29,230,383.92
17,155,508.68
20,401,452.98
20,401,452.98
20,401,452.98
20,401,452.98
20,401,452.98
20,401,452.98

20,401,452.98

48,593,661.58
127,006,160.95
31,061,289.36
55,220,069.98
33,132,041.99
33,132,041.99
33,132,041.99
33,132,041.99
33,132,041.99
15,530,644.68
31,061,289.36
55,220,069.98
55,220,069.98
55,220,069.98
55,220,069.98
55,220,069.98
55,220,069.98
15,530,644.68
31,061,289.36
31,061,289.36
31,061,289.36
31,061,289.36
31,061,289.36
31,061,289.36

31,061,289.36

43,542,259.20
113,803,632.00
27,832,410.00
49,479,840.00
29,687,904.00
29,687,904.00
29,687,904.00
29,687,904.00
29,687,904.00
13,916,205.00
27,832,410.00
49,479,840.00
49,479,840.00
49,479,840.00
49,479,840.00
49,479,840.00
49,479,840.00
13,916,205.00
27,832,410.00
27,832,410.00
27,832,410.00
27,832,410.00
27,832,410.00
27,832,410.00

27,832,410.00
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Grid

line

k, (Kogler &

Scheidig), t/m

k (Vesic), t/m

k (Vesic & Saxena),

t/m

k. (Ullidtz), t/m

U-4
V-5
V-6
V-7
V-10
V-11
V-12
V-13
W-8
W-9
W-14
W-15
W1-7
W1-10
W1-13
W1-16
W2-7
W2-10
W2-13
W2-16

X-9
X-14

X-15

40,553,625.36
40,553,625.36
40,553,625.36
40,553,625.36
40,553,625.36
40,553,625.36
40,553,625.36
40,553,625.36
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32
18,071,763.32

18,071,763.32

17,155,508.68
17,155,508.68
17,155,508.68
17,155,508.68
17,155,508.68
17,155,508.68
17,155,508.68
17,155,508.68
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54
7,869,000.54

7,869,000.54

15,530,644.68
15,530,644.68
15,530,644.68
15,530,644.68
15,530,644.68
15,530,644.68
15,530,644.68
15,530,644.68
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57
6,764,458.57

6,764,458.57

13,916,205.00
13,916,205.00
13,916,205.00
13,916,205.00
13,916,205.00
13,916,205.00
13,916,205.00
13,916,205.00
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40
6,061,280.40

6,061,280.40
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Grid line

k (Khazanovich et al. ), t/m

k, (Setiadji & Fwa), t/m

N-10

N-11.1

S-10
S-11
S-12
S-13

T-3

T-6
T-7
T-10
T-11
T-12
T-13

U-4

35,801,413.12
112,286,250.24
15,256,284.00
27,122,282.67
24,410,054.40
24,410,054.40
24,410,054.40
24,410,054.40
24,410,054.40
7,628,142.00
15,256,284.00
27,122,282.67
27,122,282.67
27,122,282.67
27,122,282.67
27,122,282.67
27,122,282.67
7,628,142.00
15,256,284.00
15,256,284.00
15,256,284.00
15,256,284.00
15,256,284.00
15,256,284.00
15,256,284.00
7,628,142.00

7,628,142.00

31,326,098.95
98,250,037.61
13,349,189.89
23,731,893.14
21,358,703.83
21,358,703.83
21,358,703.83
21,358,703.83
21,358,703.83

6,674,594.95
13,349,189.89
23,731,893.14
23,731,893.14
23,731,893.14
23,731,893.14
23,731,893.14
23,731,893.14

6,674,594.95
13,349,189.89
13,349,189.89
13,349,189.89
13,349,189.89
13,349,189.89
13,349,189.89
13,349,189.89

6,674,594.95

6,674,594.95
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Grid line k (Khazanovich et al. ), t/m k, (Setiadji & Fwa), t/m
V-6 7,628,142.00 6,674,594.95
V-7 7,628,142.00 6,674,594.95
V-10 7,628,142.00 6,674,594.95
V-11 7,628,142.00 6,674,594.95
V-12 7,628,142.00 6,674,594.95
V-13 7,628,142.00 6,674,594.95
W-8 3,322,479.63 2,907,156.91
W-9 3,322,479.63 2,907,156.91
W-14 3,322,479.63 2,907,156.91
W-15 3,322,479.63 2,907,156.91
W1-7 3,322,479.63 2,907,156.91
WI-10 3,322,479.63 2,907,156.91
WI-13 3,322,479.63 2,907,156.91
WIi-16 3,322,479.63 2,907,156.91
W2-7 3,322,479.63 2,907,156.91
W2-10 3,322,479.63 2,907,156.91
W2-13 3,322,479.63 2,907,156.91
W2-16 3,322,479.63 2,907,156.91
X-8 3,322,479.63 2,907,156.91
X-9 3,322,479.63 2,907,156.91
X-14 3,322,479.63 2,907,156.91
X-15 3,322,479.63 2,907,156.91
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Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
C-5 0.263 0.00 -
C-6 0.263 - -
C-7 0.263 - -
C-10 0.263 - -
C-11 0.263 0.00 -
C-12 0.263 0.00 -
C-13 0.263 0.00 -
C-16 0.281 0.00 3
C-17 0.263 0.00 -
C-18 0.263 0.00 -
D-4 0.263 - -
D-19 0.263 = -
E-3 0.526 7 =
E-5 1.208 0.00 -
E-6 1.066 0.00 -
E-7 1.066 0.00 -
E-10 1.137 0.00 -
E-11 1.066 0.00 -
E-12 1.066 0.00 -
E-13 1.066 0.00 - 1.00
E-16 1.066 0.00 -
E-17 1.066 0.00 -
E-18 1.172 0.00 -
E-20 0.263 - -
F-3 0.263 - -



161

lﬂ' 1
MINNUINT Al (AD)

Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
F-5 - 1.101 - 0.00 -
F-6 - 1.563 - 0.00 -
F-7 - 1.563 - 0.00 -
F-10 - 1.563 - 0.00 -
F-11 - 1.563 - 0.00 - 1.00
F-12 - 1.563 - 0.00 - 1.00
F-13 = 1.563 - 0.00 - 2.00
F-16 - 1.563 - 0.00 3
F-17 - 1.563 - 0.00 -
F-18 3 1.066 - 0.00 -
F-20 3 0.263 - -
G-3 - 0.263 = -
G-5 - 1.066 - 0.00 =
G-6 - 1.563 - 0.00 -
G-7 - 1.606 - 0.00 - 1.00
G-10 - 1.606 - 0.00 -
G-11 - 1.606 - 0.00 - 3.00
G-12 - 1.658 - 0.00 - 2.00
G-13 - 1.658 - 0.00 -
G-16 - 1.813 - 0.00 - 1.00
G-17 - 2.072 - 0.00 - 2.00
G-18 - 1.658 - 0.00 -
G-20 - 0.263 - 0.00 -

K-3 - 0.263 - 0.00 -
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Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
K-5 1.101 0.00 -
K-6 1.641 0.00 -
K-7 1.606 0.00 - 1.00
K-10 1.658 0.00 -
K-11 4.884 0.00 -
K-12 4.696 0.00 - 1.00
K-13 1.554 0.00 - 2.00
K-16 1.554 0.00 3
K-17 1.563 - 0.00 - 1.00
K-18 1.137 - 0.00 -
K-20 0.263 - -
L-3 0.263 = -
L-5 1.101 - 0.00 =
L-6 1.563 - 0.00 -
L-7 2.487 - 0.00 - 1.00
L-10 0.847 - 5.68 -
L-11 0.162 - 1.53 - 1.00
L-12 0.526 - - 1.00
L-13 2.851 - 0.00 - 3.00
L-16 1.658 - 0.00 -
L-17 1.563 - 0.00 - 1.00
L-18 1.101 - 0.00 - 2.00
L-20 0.965 - -
M-3 0.263 - -
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Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
M-5 - 1.101 - 0.00 -
M-6 - 0.190 - 2.80 -
M-7 - 1.658 - 0.00 -
M-10 - 0.847 - 5.30 -
M-11 - 0.228 - 1.23 - 1.00
M-12 - 1.101 - = 2.00
M-13 = 1.404 - 835 - 3.00
M-16 - 1.554 - 0.00 - 2.00
M-17 - 1.563 - 0.00 - 4.00
M-18 3 1.066 - 0.00 -
M-20 3 0.263 - -
N-3 - 0.263 = -
N-5 - 0.190 - 2.17 =
N-6 - 0.190 - 2.19 -
N-7 - 0.709 - 2.68 -
N-10 - 0.04 - 0.56 - 2.00
N-11.1 - 0.05 - 0.04 - 4.00
N-13 - 0.709 - 3.57 - 2.00
N-16 - 1.761 - 0.00 - 2.00
N-17 - 032 — 0.00 - 1.00
N-18 - 1.066 - 0.00 -
N-20 - 0.263 - -
R-3 - 0.263 - -

R-5 - 0.03 - 0.50 - 1.00
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Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
R-6 0.03 041 - 2.00
R-7 0.04 0.46 - 2.00
R-10 0.04 0.45 - 3.00
R-11 0.04 0.45 - 3.00
R-12 0.04 0.45 - 3.00
R-13 0.04 0.45 - 3.00
R-16 0.04 0.46 - 4.00
R-17 1.563 0.00 - 1.00
R-18 1.066 - -
R-20 0.263 3 -
S-3 0.02 0.24 -
S-5 0.03 049 - 1.00
S-6 0.03 041 - 1.00
S-7 0.03 041 - 2.00
S-10 0.03 041 - 3.00
S-11 0.03 041 - 3.00
S-12 0.03 041 - 3.00
S-13 0.03 041 - 3.00
S-16 0.847 2.55 -
S-17 1.404 2.21 -
S-18 1.066 0.00 -
S-20 0.263 - -
T-3 0.02 0.25 -
T-5 0.04 0.50 - 1.00
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Grid Settlement Center (mm.) Settlement Center (mm.)  Settlement Center (mm.)
Line No. O =C,gB(1-V*)E Model Actual
T-6 0.04 0.50 - 0.50
T-7 0.04 0.50 -
T-10 0.04 0.50 - 2.00
T-11 0.04 0.50 - 2.00
T-12 0.04 0.49 - 2.00
T-13 0.04 0.50 - 2.00
T-16 0.709 2.10 - 2.00
T-17 0.709 .27 . % 1.00
T-18 1.066 0.00 - 1.00
T-20 0.263 3 -
U-4 0.02 025 - 1.00
U-19 0.263 =i 2.00
V-5 0.02 025 - 1.00
V-6 0.02 025 - 1.00
V-7 0.02 025 - 1.00
V-10 0.02 025 - 1.00
V-11 0.02 025 - 2.00
V-12 0.02 025 - 1.00
V-13 0.02 0.25 - 2.00
V-16 0.02 0.25 - 2.00
V-17 0.02 0.25 - 2.00
V-18 0.263 - - 1.00
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